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(54) Light emitting element driving apparatus 

(57) The present invention provides a light emitting 
element driving apparatus having a driving unit (3) for 
driving a light emitting element (1) by means of a driving 
signal while performing automatic light power control, 
which enables a light output to rise at a high speed in 
the head portion of a burst signal to be first inputted and 
light outputs of a second burst signal after the first burst 
signal and signals thereafter to be stably supplied irre- 
spective of holding time. To this end, the light emitting 
element driving apparatus comprises a reference volt- 
age generation unit (4) for generating a reference volt- 
age from an input electric signal containing data 
information, the reference voltage being used for obtain- 
ing a light output having specified power from the light 
emitting element (1) in a normal condition, a monitoring 
voltage generation unit (5) for generating a monitoring 
voltage signal corresponding to power of an optical sig- 
nal outputted from the light emitting element (1), a light 
power control unit (6) for controlling, based on a result of 
comparison from the reference voltage and the monitor- 
ing voltage signal, the driving unit (3) by a discrete con- 
trol amount such that a light output from the light 
emitting element (1) can have the specified power and 
an initial value setting unit (7) for setting a raising com- 
ponent as an initial value in a control signal having the 
discrete control amount. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

[0001 ] The present invention relates to a light emitting 
element driving apparatus, and more particularly one 
for performing automatic light power control (APC con- 
trol; Automatic Power Constant control) for a light output 
from a light emitting element. 

(2) Description of the Related Art 

[0002] In recent years, we have seen active efforts 
made to develop subscriber exclusive optical communi- 
cation devices in the field of optical communications. In 
an optical communication device used in an optical sub- 
scriber system, a semiconductor circuit based on a 
CMOS type field effect transistor has been put to fre- 
quent use in order to satisfy requests for reductions in 
costs, power consumption, and so on. 
[0003] Not only in the foregoing optical communica- 
tion device of the optical subscriber system but also in 
the optical transmission device of a trunk system, a 
function unit for transmitting light signals via optical fib- 
ers transmits signals containing data information, for 
instance burst signals, by driving a light emitting ele- 
ment such as a laser diode (LD). 
[0004] In such a situation, a light emitting element 
driving apparatus for driving the light emitting element 
such as an LD must have a function for dealing with 
burst signals and, more importantly, a function for accu- 
rately maintaining light power constant even if there is a 
long time interval between burst signals. These func- 
tions must be provided also for securing reliability of the 
light emitting element itself. 

[0005] In a driving apparatus for driving a magneto- 
optic disk (MO) or a laser printer, an LD or the like is 
used as a light emitting element for emitting laser lights. 
For the magneto-optic disk driving apparatus or the 
laser printer, functional improvements can be expected 
by providing a function for accurately maintaining light 
power constant even if a long time interval occurs 
between burst signals. 

[0006] FIG. 22 is a block diagram showing a light emit- 
ting element driving apparatus where a conventional 
automatic light power control circuit is applied. A light 
emitting element 100 and a light emitting element driv- 
ing apparatus 1 10 shown in Fig. 22 can be applied to an 
optical communication device for transmitting/receiving 
light signals via not-shown optical fibers. 
[0007] The light emitting element 1 00 converts electric 
signals into light signals, supplies output signals to a 
not-shown optical transmission line and outputs moni- 
toring lights. The light emitting element driving appara- 
tus 1 1 0 performs control so as to maintain constant light 
power of a light signal outputted from the light emitting 
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element 100. The light emitting element driving appara- 
tus 1 10 includes a data receiving unit 101 , an LD driving 
unit 102, a reference voltage generation unit 103, a light 
receiving element 104, a monitoring voltage conversion 
5 unit 105, a difference voltage generation unit 106 and a 
control signal generation unit 107. 

[0008] The data receiving unit 101 receives data and 
a clock to produce a signal for driving the light emitting 
element 100. The LD driving unit 102 receives an output 

70 from the data receiving unit 1 01 . The LD driving unit 1 02 
is controlled by a control signal produced by the control 
signal generation unit 1 06 for automatic light power con- 
trol so as to drive the light emitting element (LD) 100. 
The data receiving unit 101 and the LD driving unit 102 

is constitute a main signal unit 1 08 together. 

[0009] The reference voltage generation unit 1 03 gen- 
erates a reference voltage for automatic light power 
control from a reference signal as an output signal from 
the data receiving unit 101. The light receiving element 

20 (PD; Photo Diode) 104 converts a monitoring light out- 
putted from the light emitting element 100 into an elec- 
tric signal again. The monitoring voltage conversion unit 
1 05 voltage-converts a monitoring signal as an output 
current from the light receiving element 104 so as to 

25 produce a monitoring voltage for automatic light power 
control. 

[001 0] The difference voltage generation unit 1 06 pro- 
duces a difference in output voltages between the refer- 
ence voltage generation unit 103 and the monitoring 

30 voltage conversion unit 105. The control signal genera- 
tion unit 107 produces an LD driving control signal for 
automatic light power control according to the output of 
the difference voltage generation unit 106. The refer- 
ence voltage generation unit 103, the monitoring volt- 

35 age conversion unit 105, the difference voltage 
generation unit 106 and the control signal generation 
unit 1 07 constitute an automatic light power control unit 
(APC unit) 109 together. 

[001 1 ] Detailed configuration of each of the LD driving 
40 unit 102, the difference voltage generation unit 106 and 
the control signal generation unit 107 is shown in FIG. 
23. 

[0012] Specifically, the difference voltage generation 
unit 106 includes a differential amplifier. The control sig- 

45 nal generation unit 1 07 includes a field effect transistor 
(T1) 107a, a capacitor (C1) 107b, afield effect transistor 
(T2) 107c and a resistor (R2) 107d. 
[001 3] The field effect transistor 1 07a supplies a cur- 
rent according to the output of the difference voltage 

so generation unit 1 06. The capacitor 1 07b is connected to 
the field effect transistor 107a via a connector 107e. The 
capacitor 107b charges a current supplied from the field 
effect transistor 107a. A terminal voltage of the capaci- 
tor 107b is outputted as a control signal for the LD driv- 

55 ing unit 102. 

[0014] The field effect transistor 107c is placed in a 
conductive condition when a transmitting signal is ON. 
The resistor 107d causes the capacitor 107b to dis- 
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charge excessive electric charges when a transmitting 
signal is ON. 

[0015] In other words, the field effect transistor 107a 
and the capacitor 107b produce a control signal for the 
LD driving unit 102 according to an output from the dif- 
ference voltage generation unit 106. 
[0016] The LD driving unit 102 includes three field 
effect transistors (T1 1 to T13) 102a to 1 02c and a resis- 
tor (RL) 102d. An APC control signal from the control 
signal generation unit 1 07 is received by the transistor 
102c. Data transmitted from the data receiving unit 101. 
is received by the transistors 102a and 102b. Then, a 
driving current signal having been subjected to auto- 
matic light power control is supplied to the light emitting 
element 100. 

[001 7] With the foregoing configuration, the light emit- 
ting element driving apparatus 110 shown in FIG. 22 
controls a driving current of the light emitting element 
1 00 based on a difference voltage between a reference 
voltage produced from a signal outputted from the data 
receiving unit 101 and a monitoring voltage produced 
from a monitoring signal outputted from the light receiv- 
ing element 104, controls an output light of the light 
emitting element 100 to a constant level and outputs the 
output light to the optical transmission line. 
[0018] In the control signal generation unit 107, if a 
transmitting signal (burst signal) is in an ON condition 
(transmission condition) [e.g., see points of time (t2) to 
(t4) of FIGS. 24(b) and 24(c)] after power input [see a 
point of time (t1) of FIG. 24(a)], the transistor 107c is 
switched ON. Accordingly, a control signal V PCNT for the 
LD driving unit 102 is controlled according to the light 
output control of a loop gain including the resistor 107d 
[see points of time (t2) to (t3) of FIG. 24 (d)]. 
[001 9] On the other hand, if the transmitting signal is 
in an OFF condition (non-transmission condition) [e.g., 
see points of time (t4) to (t5) of FIG. 24(b)], the transis- 
tor 107c is switched OFF. Accordingly, a control signal 
V PCNT produced during transmission [see points of time 
(t2) to (t4) of FIG. 24(b)] is held until a next burst trans- 
mission section [see a point of time (t5) and after of FIG. 
24(b)] is reached. 

[0020] FIG. 25 is a block diagram showing a light emit- 
ting element driving apparatus 11 OA where an APC 
loop is composed of a digital circuit. In the light emitting 
element driving apparatus 11 OA shown in FIG. 25, a 
light emitted from the light emitting element 1 1 1 in a rear 
direction is made incident on the light receiving element 
1 12. The light receiving element 112 outputs a current 
proportional to its light intensity. This current is con- 
verted into a voltage by the amplifier 1 1 3 and then com- 
pared with a reference voltage Vref from a not-shown 
voltage source by a comparator 1 1 4. 
[0021 ] An output voltage of the comparator 1 1 4 is set 
to a high level or a low level depending on a size rela- 
tionship between both input voltages of the comparator 
114. For example, if a voltage signal from the amplifier 
1 1 3 is larger than the reference voltage Vref, the level of 



an output signal of the comparator 1 14 can be set low. If 
a voltage signal from the amplifier 113 is smaller than 
the reference voltage Vref, the level of an output signal 
of the comparator 1 14 can be set to an optical level. 

5 [0022] An edge detector 1 15 detects an edge of a 
transmission switching signal as a transmission or non- 
transmission timing for a transmitting data (burst signal). 
In the case of a non-transmission timing for transmitting 
data, the edge detector 1 1 5 outputs a signal for placing 

10 a rear-stage up-and-down counter 116 in an enable 
condition. In the case of a transmission timing for trans- 
mitting data, the edge detector 1 1 5 outputs a signal for 
releasing the enable condition of the up-and-down 
counter 116. 

is [0023] During data transmission, the up-and-down 
counter 1 1 6 counts a comparing result from the compa- 
rator 1 14 in synchronization with a dock signal from an 
oscillator 1 1 7. For example, if a voltage signal from the 
amplifier 113 is larger than the reference voltage Vref, 

20 the up-and-down counter 116 counts down a count 
value. On the other hand, if a voltage signal from the 
amplifier 1 13 is smaller than the reference voltage Vref, 
the up-and-down counter 116 counts up a count value. 
[0024] For example, if light intensity from the light 

25 emitting element 1 1 1 is weaker than a reference value, 
an output of the comparator 1 14 becomes low in level 
and the up-and-down counter 116 operates as an up- 
counter. When the edge detector 115 releases an ena- 
ble signal supplied to the up-and-down counter 116 

30 based on a timing signal T1 such as a transmission 
switching signal, the up-and-down counter 116 gradu- 
ally increases its measuring values by means of a clock 
signal from the oscillator 117. 
[0025] A counted output from the up-and-down coun- 

35 ter 116 is converted into an analog amount by a D/A 
converter 118 and then outputted to a semiconductor 
laser driving unit 119. The semiconductor laser driving 
unit 119 changes a driving current level for converting 
transmitting data of an electric signal into an optical sig- 

40 nal according to an output of the D/A converter 1 1 8. 
[0026] Therefore, during transmission of transmitting 
data, the up-and-down counter 116 functions as an up- 
counter until a voltage signal from the amplifier 113 
exceeds the reference voltage Vref in size. As count val- 

45 ues of the up-and-down counter 116 are gradually 
increased, light intensity from the light emitting element 
111 is gradually increased and an output from the 
amplifier 1 1 3 is also increased. 
[0027] When an output of the amplifier 113 exceeds 

so the reference value Vref and a comparing result signal 
from the comparator 1 14 is reversed from a low level to 
a high level, the edge detector 1 1 5 detects a rising edge 
of an output from the comparator 1 14 and then outputs 
an enable signal to the up-and-down counter 116. 

55 Accordingly, the up-and-down counter 1 1 6 is placed in 
an enable condition to hold its count value and a driving 
current to be supplied to the light emitting element 1 1 1 
is also held therein. 
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[0028] However, in the foregoing configuration for 
holding light power by the analog circuit which uses a 
MOS element or the like shown in FIG. 22, it is difficult 
to prevent a reduction in performance caused by a drain 
leak current or the like of the MOS element. 5 

[0029] In other words, in the light emitting element 
driving apparatus 110 shown in FIG. 22, during non- 
transmission of transmitting data, regardless of the 
necessity of holding a voltage, the capacitor 107c is fur- 
ther charged because of the occurrence of a leaked cur- 10 
rent [see points of time (t4) to (t5) of FIG. 24(d)] from the 
transistor 107a. 

[0030] In such a case, a current more than necessary 
is discharged at the head of a next burst transmitting 
signal. Consequently, the light emitting element 100 75 
may be driven by an excessive current to cause an out- 
put optical level to exceed a reference level [see a point 
of time (t5) of FIG. 24(f)], 

[0031] Charging of the capacitor 107c by such a 
leaked current is more conspicuous as an interval with 20 
the next burst transmitting signal is longer (longer hold- 
ing time). Consequently, fluctuation may occur in power 
at the head of the next burst transmitting signal to make 
it impossible to meet pulse mask standard. 
[0032] If a capacitance of the capacitor 107c is 25 
increased in order to reduce the influence of power fluc- 
tuation caused by the leaked current, a charging time for 
the capacitor 107b may be slowed down. Thus, an initial 
rising time of a control signal V PCNT by the control signal 
generation unit 1 07 at the head of a first burst may also 30 
be slowed down. 

[0033] A current of the transistor 107a may be 
increased to make faster an initial rising time. In this 
case, however, the transistor size itself of the field effect 
transistor 107a must be increased. Consequently, a 35 
leaked current of the transistor 107a is increased more, 
which makes it impossible to prevent power fluctuation 
at the head of the next burst transmitting signal. 
[0034] As apparent from the foregoing, in the light 
emitting driving apparatus 110 shown in FIG. 22, the 40 
APC loop is composed of the analog circuit and thus if 
an error occurs in a control signal outputted from the 
control signal generation unit 107, light power fluctua- 
tion may directly occur. 

[0035] On the other hand, by composing an APC loop 45 
of a digital circuit as in the case of the light emitting ele- 
ment driving apparatus 1 10A shown in 25, it is possible 
to prevent light output power fluctuation caused by the 
foregoing configuration where the APC loop is com- 
posed of the analog circuit. so 
[0036] In other words, the light emitting driving appa- 
ratus 11 OA shown in FIG. 25 prevents, by performing 
control to hold a driving current between burst signals 
based on a digital signal, power fluctuation like that 
which occurs at the head of a burst transmitting signal ss 
after long-time holding by a leaked current in the light 
emitting driving apparatus 110 shown in FIG. 22. 
[0037] However, there is a problem inherent in the 



light emitting element driving apparatus 1 10A shown in 
FIG. 25. Specifically, at an initial rising time of a first 
burst signal after power input [see a point of time (til) 
of FIG. 26(a)], the up-and-down counter 116 performs 
up-counting only by 1 bit each in synchronization with a 
clock signal and an output voltage of the D/A converter 
118, i.e., an LD driving control signal, is raised only by 
an amount equal to resolution of the D/A converter 1 18, 
the resolution being 1LSB. Consequently, unnecessary 
time is required until an optional stable light output level 
is reached [see points of time (t12) to (t13) of FIG. 
26(d)]. 

[0038] Resolution of the D/A converter 118 may be 
increased to achieve a high speed for an APC initial ris- 
ing time. In this case, however, the occurrence of errors 
during an APC normal operation is increased. Thus, a 
loop compression residual may occur, which leads to 
power fluctuation. 

[0039] In the digital APC using the up-and-down coun- 
ter 1 16, because of the unstable condition of an output 
of the comparator 1 1 4 during an APC loop unstable 
operation (after convergence), an unstable operation 
may occur. 

[0040] Specifically, when light output power nearly 
reaches its objective power [see points of time (t13) to 
(tl4) of FIG. 26(e)], near coincidence can also be 
reached between the reference voltage Vref and an out- 
put of the amplifier 113. However, because of the occur- 
rence of offsets or noises in the reference voltage Vref 
[see points of time (t13) to (t14) of FIG. 27(a)] or a con- 
version error in the D/A converter 1 1 8, an output voltage 
of the comparator 114 becomes a high level or a low 
level in an unstable condition. Consequently, variance 
may occur, [see points of time (t13) to (t14) of FIG. 
27(b)]. 

[0041] As described above, if variance occurs in out- 
puts of the comparator 114 after light output power 
nearly reaches its objective power and the APC loop is 
completed, the up-and-down counter 116 performs up- 
counting or down-counting optionally and, conse- 
quently, an operation condition becomes unstable. 
[0042] A control signal as an output signal of the D/A 
converter 118 for the semiconductor laser driving unit 
1 19 is used for an operation performed for each resolu- 
tion (1 LSB). Thus, when a count value of the up-and- 
down counter 116 becomes unstable, fluctuation also 
occurs in an output of the D/A converter 1 1 8 in the vicin- 
ity of an objective voltage [see points of time (t13) to 
(t14) of FIG. 27(c)]. Consequently, an unstable opera- 
tion such as light power fluctuation may occur [see 
points of time (t13) to (t14) of FIG. 27(d)]. 

SUMMARY OF THE INVENTION 

[0043] The present invention was made in order to 
solve the problems discussed above. It is an object of 
the invention to provide a light emitting element driving 
apparatus which enables a light output to rise at a high 
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speed in the head portion of a burst signal to be first 
inputted and simultaneously secures a stable operation 
by preventing light power fluctuation even when light 
output power is stable (after APC loop completion) while 
supplying light outputs of a second burst signal after the 
first and signals thereafter in a stable manner irrespec- 
tive of a holding time (time between burst signals). 

[0044] According to an aspect of the present inven- 
tion, there is provided a light emitting element driving 
apparatus having a driving unit which can drive a light 
emitting element by means of a driving signal while per- 
forming automatic light power control, the light emitting 
element being capable of converting an input electric 
signal containing data information into an optical signal. 
The light emitting element driving apparatus comprises 
a reference voltage generation unit for generating a ref- 
erence voltage from the input electric signal, the refer- 
ence voltage being used for obtaining a light output 
having specified power from the light emitting element in 
a normal condition, a monitoring voltage generation unit 
for producing a monitoring voltage signal corresponding 
to power of an optical signal outputted from the light 
emitting element, a light power control unit for compar- 
ing the reference voltage from the reference voltage 
generation unit with the monitoring voltage signal from 
the monitoring voltage generation unit and controlling, 
based on a result of the comparison, the driving unit by 
a discrete control amount such that a light output from 
the light emitting element can have the specified power 
and an initial value setting unit for setting a raising com- 
ponent as an initial value in a control signal having the 
discrete control amount supplied from the light power 
control unit to the driving unit. 
[0045] The light emitting element of the present inven- 
tion is advantageous in that because of the inclusion of 
the initial value setting unit, by setting a raising compo- 
nent as an initial value in a control signal having a dis- 
crete control amount supplied from the light power 
control unit to the driving unit, the control signal being 
used for performing light power control, even if there is 
a long time interval between a first burst signal immedi- 
ately after power input and a subsequent second burst 
signal, light output power of the first burst immediately 
after power input can be raised at a high speed to be 
stable while supplying a stable light output by preventing 
light power fluctuation from occurring at the head of the 
second burst signal. 

[0046] According to another aspect of the present 
invention, there is provided a light emitting element driv- 
ing apparatus having a driving unit which can drive a 
light emitting element by means of a driving signal while 
performing automatic light power control, the light emit- 
ting element being capable of converting an input elec- 
tric signal containing data information into an optical 
signal. The light emitting element driving apparatus 
comprises a reference voltage generation unit for gen- 
erating a reference voltage from the input electric signal, 
the reference voltage being used for obtaining a light 



output having specified power from the light emitting 
element in a normal condition, a monitoring voltage 
generation unit for generating a monitoring voltage sig- 
nal corresponding to power of an optical signal output- 

5 ted from the light emitting element, a light power control 
unit for comparing the reference voltage from the refer- 
ence voltage generation unit with the monitoring voltage 
signal from the monitoring voltage generation unit and 
controlling, based on a result of the comparison, the 

w driving unit by a discrete control amount such that a light 
output from the light emitting element can have the 
specified power and a stability identification unit for 
identifying the degree of stability of driving control per- 
formed by the light power control unit for driving unit. 

is [0047] The light emitting element driving apparatus of 
the present invention is advantageous in that because 
of the inclusion of the stability identification unit, the 
degree of stability of driving control performed by the 
light power control unit for the driving unit can be identi- 

20 f ied. If a clock supplied to the light power control unit is 
controlled by using at least one selected from informa- 
tion regarding the stability identification and input data 
information, driving control performed by the light power 
control unit for the light emitting element can be stabi- 

25 lized. Even if there is a long time interval between a first 
burst signal immediately after power input and a subse- 
quent second burst signal, an unstable operation of a 
light output after the completion of light power control 
can be prevented while supplying a stable light output 

30 by preventing light power fluctuation from occurring at 
the head of the second burst signal. 
[0048] According to yet another aspect of the present 
invention, there is provided a light emitting element driv- 
ing apparatus having a driving unit which can drive a 

35 light emitting element by means of a driving signal while 
performing automatic light power control, the light emit- 
ting element being capable of converting an input elec- 
tric signal containing data information into an optical 
signal. The light emitting element driving apparatus 

AO comprises a reference voltage generation unit for gen- 
erating a reference voltage from the input electric signal, 
the reference voltage being used for obtaining a light 
output having specified power from the light emitting 
element in a normal condition, a monitoring voltage 

45 generation unit for generating a monitoring voltage sig- 
nal corresponding to power of an optical signal output- 
ted from the light emitting element, a light power control 
unit for comparing the reference voltage from the refer- 
ence voltage generation unit with the monitoring voltage 

so signal from the monitoring voltage generation unit and 
controlling, based on a result of the comparison, the 
driving unit by a discrete control amount such that a light 
output from the light emitting element can have the 
specified power and a clock control unit for controlling a 

55 clock supplied to the light power control unit so as to 
stabilize driving control performed by the light power 
control unit for the light emitting element. 
[0049] The light emitting element driving apparatus of 
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the present invention is advantageous in that the inclu- 
sion of the clock control unit enables clock control to be 
performed for the light power control unit without receiv- 
ing any transmission switching signal or the like for iden- 
tifying transmission/non-transmission of a transmitting 5 
signal from the outside and thus the number of pins can 
be reduced when the light emitting element driving 
apparatus is constructed by using, for instance an IC 
(Integrated Circuit). Also, since it is not necessary to 
produce any signals for identifying transmission/non- w 
transmission of a transmitting signal in a signal process- 
ing system for performing signal processing concerning 
the transmitting signal, a system configuration can be 
simplified. 

[0050] According to further aspect of the present 75 
invention, there is provided a light emitting element driv- 
ing apparatus having a driving unit which can drive a 
light emitting element by means of a driving signal while 
performing automatic light power control, the light emit- 
ting element being capable of converting an input elec- 20 
trie signal containing data information into an optical 
signal. The light emitting element driving apparatus 
comprises a reference voltage generation unit for gen- 
erating a reference voltage from the input electric signal, 
the reference voltage being used for obtaining a light 25 
output having specified power from the light emitting 
element in a normal condition, a monitoring voltage 
generation unit for generating a monitoring voltage sig- 
nal corresponding to power of an optical signal output- 
ted from the light emitting element, a light power control 30 
unit for comparing the reference voltage from the refer- 
ence voltage generation unit with the monitoring voltage 
signal from the monitoring voltage generation unit and 
controlling, based on a result of the comparison, the 
driving unit by a discrete control amount such that a light 35 
output from the light emitting element can have the 
specified power, a stability identification unit for identify- 
ing the degree of stability of driving control performed by 
the light power control unit for the driving unit and a 
clock control unit for controlling a clock supplied to the 40 
light power control unit by using at least one selected 
from stability identification information from the stability 
identification unit and data information to be inputted so 
as to stabilize driving control performed by the light 
power control unit for the light emitting element. 45 
[0051 ] The light emitting element driving apparatus of 
the present invention is advantageous in that the inclu- 
sion of the stability identification unit makes it possible 
to identify the degree of stability of driving control per- 
formed by the light power control unit for the driving unit, so 
If a clock supplied to the light power control unit is con- 
trolled by using at least one selected from stability iden- 
tification information and input data information, driving 
control performed by the light power control unit for the 
light emitting element can be stabilized. Furthermore, ss 
even H there is a long time interval between a first burst 
signal immediately after power input and a subsequent 
second burst signal, an unstable operation of a light out- 



put can be prevented after the completion of light power 
control while supplying a stable light output by prevent- 
ing light power fluctuation from occurring at the head of 
the second burst signal. 

BRIEF DESCRIPTION OF THE PRAWINQS 

[0052] These and other objects, features and advan- 
tages of the present invention will become apparent 
upon reading of the following detailed description and 
drawings, in which: 

FIGS. 1 to 4 are block diagrams showing aspects of 
the present invention; 

FIG. 5 is a block diagram showing a light emitting 
element driving apparatus of a first embodiment of 
the invention; 

FIGS. 6(a) to 6Q) are time charts each illustrating an 
operation of the light emitting element driving appa- 
ratus of the first embodiment of the invention; 
FIG. 7 is a block diagram showing main portions of 
a light emitting element driving apparatus of a first 
modified example of the first embodiment; 
FIG. 8 is a block diagram showing main portions of 
a second modified example of a light emitting ele- 
ment driving apparatus of the first embodiment; 
FIG. 9 is a block diagram showing main portions of 
a light emitting element driving apparatus of a third 
modified example of the first embodiment; 
FIG. 10 is a block diagram showing main portions of 
a light emitting element of a fourth modified exam- 
ple of the first embodiment; 
FIG. 1 1 is a block diagram showing a light emitting 
element driving apparatus of a fifth modified exam- 
ple of the first embodiment; 
FIGS. 12(a) to 12(k) are time charts each illustrat- 
ing an operation of the light emitting element driving 
apparatus of the fifth modified example of the first 
embodiment; 

FIG. 1 3 is a block diagram showing main portions of 
a light emitting element driving apparatus of a sixth 
modified example of the first embodiment; 
FIG. 1 4 is a block diagram showing main portions of 
a light emitting element driving apparatus of a sev- 
enth modified example of the first embodiment; 
FIG. 1 5 is a block diagram showing main portions of 
a light emitting element driving apparatus of an 
eighth modified example of the first embodiment; 
FIG. 1 6 is a block diagram showing main portions of 
a light emitting element driving apparatus of a sec- 
ond embodiment of the invention; 
FIG. 1 7 is a block diagram showing a light emitting 
. element driving apparatus of a third embodiment of 
the invention; 

FIG. 1 8 is a block diagram showing main portions of 
the light emitting element driving apparatus of the 
third embodiment of the invention; 
FIGS. 19(a) to 19(0 are time charts each illustrating 
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an operation of the light emitting element driving 
apparatus of the third embodiment; 

FIG. 20 is a block diagram showing a light emitting 
element driving apparatus of a modified example of 
each embodiment of the invention; s 
FIGS. 21(a) to 21 (k) are time charts each illustrat- 
ing an operation of the light emitting element driving 
apparatus shown in FIG. 20; 
FIG. 22 is a block diagram showing a light emitting 
element driving apparatus using a conventional 10 
automatic light power control circuit; 
FIG. 23 is a block diagram showing main portions of 
the light emitting element driving apparatus shown 
in FIG. 22; 

FIGS. 24(a) to 24(f) are time charts each illustrating is 
an operation of the light emitting element driving 
apparatus shown in FIG. 22; 
FIG. 25 is a block diagram showing a light emitting 
element driving apparatus having an APC loop 
composed of a digital circuit; 20 
FIGS. 26(a) to 26(e) are time charts each illustrat- 
ing an operation of the light emitting element driving 
apparatus shown in FIG. 25; 
FIGS. 27(a) to 27(d) are time charts each illustrat- 
ing an operation of the light emitting element driving 25 
apparatus shown in FIG. 25; 
FIG. 28 is a block diagram showing main portions of 
a light emitting element driving apparatus of a ninth 
modified example of the first embodiment; and 
FIG. 29 is a block diagram showing main portions of 30 
a light emitting element driving apparatus of a tenth 
modified example of the first embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 35 

[a] Aspects of the Invention 

[0053] First, aspects of the present invention will be 
described with reference to the accompanying draw- 40 
ings. 

[0054] FIG. 1 is a block diagram showing an aspect of 
the present invention. In FIG. 1 , a reference numeral 1 
denotes a light emitting element which can convert an 
input electric signal containing data information into an 45 
optical signal. A reference numeral 2 denotes a light 
emitting element driving apparatus. The light emitting 
element driving apparatus 2 comprises a driving unit 3, 
a reference voltage generation unit 4, a monitoring volt- 
age generation unit 5, a light power control unit 6 and an so 
initial value setting unit 7. 

[0055] The driving unit 3 can drive the light emitting 
element 1 by means of a driving signal while performing 
automatic light power control. The reference voltage 
generation unit 4 generates a reference voltage from ss 
the input electric signal, the reference voltage being 
used for obtaining a light output having specified power 
from the light emitting element 1 . The monitoring volt- 
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age generation unit 5 generates a monitoring voltage 
signal corresponding to power of an optical signal out- 
putted from the light emitting element 1 . 

[0056] The light power control unit 6 compares the ref- 
erence voltage from the reference voltage generation 
unit 4 with the monitoring voltage signal from the moni- 
toring voltage generation unit 5 and controls, based on 
a result of the comparison, the driving unit 3 by a dis- 
crete control amount such that a light output from the 
light emitting element 1 can have the specified power. 
[0057] The initial value setting unit 7 sets a raising 
component as an initial value in a control signal having 
the discrete control amount supplied from the light 
power control unit 6 to the driving unit 3. This initial 
value setting unit 7 can be constructed to set as the ini- 
tial value a voltage signal equivalent to a driving current 
value used for obtaining a light output above a threshold 
current of the light emitting element 1 and below the 
specified power. 

[0058] The tight power control unit can be constructed 
to include a comparison unit for comparing the refer- 
ence voltage from the reference voltage generation with 
the monitoring voltage signal from the monitoring volt- 
age generation unit, an up-and-down counter circuit for 
performing up-counting/down-counting for a result of 
comparison from the comparison unit in synchroniza- 
tion with a counting clock and a digital/analog conver- 
sion unit for converting into an analog amount a count 
value obtained by up-counting/down-counting per- 
formed by the up-courtting/down-counting counter cir- 
cuit and outputting the same as a control signal having 
the discrete control amount. 

[0059] The initial value setting unit can be constructed 
by a presetting unit for directly presetting a digital signal 
as a voltage signal to be used as the initial value in the 
up-and-down counter circuit. 
[0060] The initial value setting unit can be constructed 
to include a voltage generation unit for generating a volt- 
age signal used as the preset initial value and an ana- 
log/digital conversion unit for converting the voltage 
signal produced by the voltage generation unit into a 
digital signal. The digital signal from the analog/digital 
conversion unit is then preset in the up-and-down coun- 
ter circuit of the light power control unit. 
[0061 ] The initial value setting unit can be constructed 
to include a voltage generation unit for producing a volt- 
age signal as the preset initial value and a voltage add- 
ing circuit for adding the voltage signal from the voltage 
generation unit to a control signal having the analog 
amount supplied from the digital/analog conversion unit 
to the driving circuit. 

[0062] In this case, the voltage generation unit can be 
constructed to include a plurality of voltage sources for 
producing voltage signals different from one another 
and a switch for outputting a voltage signal from one 
selected from the plurality of voltage sources, the 
selected voltage source being capable of producing a 
voltage signal corresponding to a characteristic of the 
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light emitting element. 

[0063] The voltage generation unit may include a 
memory for storing as a digital signal information 
regarding the voltage signal used as the initial value and 
an analog/digital conversion unit for converting a value s 
of the digital signal stored in the memory into an analog 
signal and outputting the same. 
[0064] The initial value setting unit may include a 
memory for storing a digital signal as the voltage signal 
used as the initial value. The digital signal stored in the 10 
memory is then preset in the up-and-down counter cir- 
cuit of the light power control unit. 
[0065] The light power control unit may include a com- 
parison unit for comparing the reference voltage from 
the reference voltage generation unit with the monitor- 75 
ing voltage signal from the monitoring voltage genera- 
tion unit, an up-and-down counter circuit for performing 
up-counting/down-counting for a result of comparison 
from the comparison unit in synchronization with a 
counting clock and a counter value/current value con- 20 
verting circuit for producing a current signal correspond- 
ing to a count value from the up-and-down counter 
circuit and outputting the same as a control signal hav- 
ing the discrete control amount. The driving unit may be 
constructed to produce a driving signal for the light emit- 25 
ting element by using the input electric signal containing 
the data information and the current signal from the 
counter value/current value converting circuit. 
[0066] In this case, the initial value setting unit can be 
constructed by presetting a raising component as an ini- 30 
tial value in the current signal outputted from the coun- 
ter value/current value converting circuit. 
[0067] As described above, according to the light 
emitting element driving apparatus of the present inven- 
tion, the initial value setting unit is provided and a raising 35 
component as an initial value is set in a control signal 
having a discrete control amount for light power control, 
the control signal being supplied from the light power 
control unit to the driving unit. Accordingly, even if there 
is a long time interval between a first burst signal imme- 40 
diately after power input and a subsequent second burst 
signal, power of a light output in the first burst signal 
immediately after power input can be raised at a high 
speed and stabilized while supplying a stable light out- 
put by preventing light power fluctuation from occurring 45 
at the head of the second burst signal. 
[0068] Furthermore, according to the present inven- 
tion, because of the inclusion of the memory in the initial 
value setting unit, in addition to the foregoing advan- 
tage, a digital value as an optimal initial value can be set so 
according to the kind of an LD or the like and thus initial 
value setting for each used LD can be facilitated. 
[0069] FIG. 2 is a block diagram showing an aspect of 
the present invention. In FIG. 2, a reference numeral 1 
denotes a light emitting element which can convert an 55 
input electric signal containing data information into an 
optical signal. A reference numeral 2A denotes a light 
emitting element driving apparatus. The light emitting 
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element driving apparatus 2A comprises a driving unit 
3, a reference voltage generation unit 4, a monitoring 
voltage generation unit 5, a light power control unit 6 
and a stability identification unit 8. 

[0070] The driving unit 3 can drive the light emitting 
element 1 by means of a driving signal while performing 
automatic light power control. The reference voltage 
generation unit 4 generates a reference voltage from 
the input electric signal, the reference voltage being 
used for obtaining a light output having specified power 
from the light emitting element 1 in a normal condition. 
The monitoring voltage generation unit 5 generates a 
monitoring voltage signal corresponding to power of an 
optical signal outputted from the light emitting element 
1. 

[0071 ] The light power control unit 6 compares the ref- 
erence voltage from the reference voltage generation 
unit 4 with the monitoring voltage signal from the moni- 
toring voltage generation unit 5 and controls, based on 
a result of the comparison, the driving unit 3 by a dis- 
crete control amount such that a light output from the 
light emitting element 1 can have the specified power. 
The stability identification unit 8 identifies a degree of 
stability of driving control performed by the light power 
control unit 6 for the driving unit 3. 
[0072] In this case, the light power control unit 6 may 
include a comparison unit for comparing the reference 
voltage from the reference voltage generation unit 4 
with the monitoring voltage signal from the monitoring 
voltage generation unit 5, an up-and-down counter cir- 
cuit for performing up-counting/down-counting for a 
result of comparison from the comparison unit in syn- 
chronization with a counting clock and a digital/analog 
conversion unit for converting into an analog amount a 
count value obtained by up-counting/down-counting 
performed by the up-and-down counter circuit and out- 
putting the same as a control signal having the discrete 
control amount. 

[0073] The stability identification unit 8 may include a 
first hysteresis comparison unit for performing compari- 
son for the monitoring voltage signal from the monitor- 
ing voltage generation unit 5 with a first hysteresis 
characteristic based on the reference voltage from the 
reference voltage generation unit 4, a second hysteresis 
comparison unit for performing comparison for the mon- 
itoring voltage signal from the monitoring voltage gener- 
ation unit 5 with a second hysteresis characteristic 
different from the first hysteresis characteristic based on 
the reference voltage from the reference voltage gener- 
ation unit 4, and a determination unit for determining, 
based on a results of comparison from the first and sec- 
ond hysteresis comparison units, the completion of driv- 
ing control performed by the driving unit 3 for the light 
emitting element and outputting a result of determina- 
tion as the stability identifying result. If the completion of 
driving control performed by the light power control unit 
6 for the driving unit 3 is determined based on the sta- 
bility identifying result from the determination unit, the 
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clock inputted to the light power control unit 6 is 
stopped. 

[0074] The stability identification unit 8 can be con- 
structed to include a window comparator for determin- 
ing whether a potential difference between the s 
reference voltage from the reference voltage generation 
unit 4 with the monitoring voltage signal from the moni- 
toring voltage generation unit 5 is within a specified 
range or not and outputting a result of its determination 
as the stability identifying result. If the completion of 10 
driving control performed by the light power control unit 
6 for the driving unit 3 is determined based on a result 
of comparison from the window comparator, the clock 
inputted to the light power control unit 6 is stopped. 
[0075] The stability identification unit 8 can be con- is 
structed to include a level holding unit for holding a level 
of the comparison result from the comparison unit by an 
amount equal to a plurality of continuous bits and an 
equal level determination unit for determining, based on 
the level of the comparison result from the comparison 20 
unit and the level of the comparison result equivalent to 
the plurality of bits from the level holding unit, equality 
among all comparison result levels of at least 3 continu- 
ous bits and outputting a result of its determination as 
the stability identifying result. If equality among the com- 25 
parison result levels of at least 3 continuous bits is 
determined based on the stability identifying result from 
the equal level determination unit, the clock inputted to 
the light power control unit is stopped. 
[0076] As described above, according to the light 30 
emitting element driving apparatus of the present inven- 
tion, the stability identification unit is provided. Accord- 
ingly, a degree of stability of driving control performed 
by the light power control unit for the driving unit can be 
identified. If a clock supplied to the light power control 35 
unit is controlled by using at least one selected from 
information regarding the stability identification and 
input data information, driving control performed by the 
light power control unit for the light emitting element can 
be stabilized. Even if there is a long time interval 40 
between a first burst signal immediately after power 
input and a subsequent second burst signal, an unsta- 
ble operation of a light output after the completion of 
light power control can be prevented while supplying a 
stable light output by preventing light power fluctuation 45 
from occurring at the head of the second burst signal. 
[0077] FIG. 3 is a block diagram showing an aspect of 
the present invention. In FIG. 3, a reference numeral 1 
denotes a light emitting element which can convert an 
input electric signal containing data information into an so 
optical signal. A reference numeral 2B denotes a light 
emitting element driving apparatus. The light emitting 
element driving apparatus 2B comprises a driving unit 
3, a reference voltage generation unit 4, a monitoring 
voltage generation unit 5, a light power control unit 6 ss 
and a clock control unit 9. 

[0078] The driving unit 3 can drive the light emitting 
element 1 by means of a driving signal while performing 



automatic light power control. The reference voltage 
generation unit 4 generates a reference voltage from 
the input electric signal, the reference voltage being 
used for obtaining a light output having specified power 
from the light emitting element 1 in a normal condition. 
The monitoring voltage generation unit 5 generates a 
monitoring voltage signal corresponding to power of an 
optical signal outputted from the light emitting element 
1. 

[0079] The light power control unit 6 compares the ref- 
erence voltage from the reference voltage generation 
unit 4 with the monitoring voltage signal from the moni- 
toring voltage generation unit 5 and controls, based on 
a result of the comparison, the driving unit 3 by a dis- 
crete control amount such that a light output from the 
light emitting element 1 can have the specified power. 
The clock control unit 9 controls, in order to stabilize 
driving control performed by the light power control unit 
6 for the tight emitting element 1, the clock supplied to 
the light power control unit 6. 
[0080] In this case, the light power control unit 6 can 
be constructed to include a comparison unit for compar- 
ing the reference voltage from the reference voltage 
generation unit 4 with the monitoring voltage signal from 
the monitoring voltage generation unit 5, an up-and- 
down counter circuit for performing up-counting/down- 
counting for a result of comparison from the comparing 
unit in synchronization with a counting clock and a dig- 
ital/analog conversion unit for converting into an analog 
amount a count value obtained by up-counting/down- 
counting performed by the up-and-down counter circuit 
and outputting the same as a control signal having the 
discrete control amount. 

[0081 ] The clock control unit 9 can be constructed to 
include a data detecting unit for detecting the existence 
of data information to be transmitted and a switch unit 
for supplying the clock to the light power control unit 6 if 
the existence of data information to be transmitted is 
detected by the data detection unit and stopping supply- 
ing of the clock to the light power control unit 6 if non- 
existence of data information to be transmitted is 
detected by the data detection unit. 
[0082] As described above, according to the light 
emitting element driving apparatus of the present inven- 
tion, the clock control unit is provided. Accordingly, con- 
trol of a clock supplied to the light power control unit can 
be performed without receiving any switching signals or 
the like from the outside for identifying transmis- 
sion/non-transmission of a transmitting signal and thus 
the number of pins can be reduced if the light emitting 
element driving apparatus is constructed by using, for 
instance an IC (Integrated Circuit). Also, since it is not 
necessary to produce any signals for identifying trans- 
mission/non-transmission of a transmitting signal in a 
signal processing system for performing signal process- 
ing concerning the transmitting signal, a system config- 
uration can be simplified. 

[0083] FIG. 4 is a block diagram showing an aspect of 
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the present invention. In FIG. 4, a reference numeral 1 
denotes a light emitting element which can convert an 
input electric signal containing data information into an 
optical signal. A reference numeral 2C denotes a light 
emitting element driving apparatus. The light emitting 5 
apparatus 2C comprises a driving unit 3, a reference 
voltage generation unit 4, a monitoring voltage genera- 
tion unit 5, a light power control unit 6, a stability identi- 
fication unit 8 and a clock control unit 9. 

[0084] The driving unit 3 can drive the light emitting 10 
element 1 by means of a driving signal while performing 
automatic light power control. The reference voltage 
generation unit 4 generates a reference voltage from 
the input electric signal, the reference voltage being 
used for obtaining a light oulput having specified power 15 
from the light emitting element 1 in a normal condition. 
The monitoring voltage generation unit 5 generates a 
monitoring voltage signal corresponding to power of an 
optical signal butputted from the light emitting element 

1. 20 

[0085] The light power control unit 6 compares the ref- 
erence voltage from the reference voltage generation 
unit 4 with the monitoring voltage signal from the moni- 
toring voltage generation unit 5 and controls, based on 
a result of the comparison, the driving unit 3 by a dis- 25 
crete control amount such that a light output from the 
light emitting element 1 can have the specified power. 
[0086] The stability identification unit 8 identifies a 
degree of stability of driving control performed by the 
light power control unit 6 for the driving unit 3. The clock 30 
control unit 9 controls, in order to stabilize driving con- 
trol performed by the light power control unit 6 for the 
light emitting element 1 , the clock supplied to the light 
power control unit 6 by using at least one selected from 
stability identification information from the stability iden- 35 
tif ication unit 8 and input data information. 
[0087] in this case, the clock control unit 9 can be con- 
structed to include a data detection unit for detecting the 
existence of data information to be transmitted and a 
switch unit for stopping supplying of the clock to the light 40 
power control unit 6 if the existence of data information 
to be transmitted is detected by the data detection unit 
and the completion of driving control performed by the 
light power control unit 6 for the driving unit 3 is deter- 
mined based on the stability identifying result from the as 
stability identification unit 8, and alternatively if non- 
existence of data information to be transmitted is 
detected by the data detection unit. 
[0088] As described above, according to the light 
emitting element driving apparatus of the present inven- so 
tion, the stability identification unit is provided. Accord- 
ingly, a degree of stability of driving control performed 
by the light power control unit for the driving unit can be 
identified. If a clock supplied to the light power control 
unit is controlled by using at least one selected from ss 
information regarding the stability identification and 
input data information, driving control performed by the 
light power control unit for the light emitting element can 



be stabilized. Furthermore, even if there is a long time 
interval between a first burst signal immediately after 
power input and a subsequent second burst signal, an 
unstable operation of a light output after the completion 
of light power control can be prevented while supplying 
a stable light output by preventing light power fluctuation 
from occurring at the head of the second burst signal. 

[b] First Embodiment 

[0089] In this section, the preferred embodiments of 
the present invention will be described with reference to 
the accompanying drawings. 
[0090] Referring first to FIG. 5 which is a block dia- 
gram, there is shown a light emitting element driving 
apparatus of the first embodiment of the present inven- 
tion. In FIG. 5, a reference numeral 20 denotes a light 
emitting element driving apparatus which drive-controls 
a laser diode (LD) 10 under automatic light power con- 
trol. The light emitting element driving apparatus 20 
comprises a data conversion unit 21 , a driving unit 30, a 
reference voltage generation unit 40, a monitoring volt- 
age generation unit 50, a digital APC (Automatic Power 
Control) unit 60, an initial value setting unit 70, a stability 
identification unit 80 and a clock control unit 90. 
[0091] The laser diode 10 converts an input electric 
signal containing data information into an optical signal. 
A converted optical signal can be transmitted, for 
instance through an optical transmission line. 
[0092] A main signal data to be converted into an opti- 
cal signal is inputted together with a clock to the data 
conversion unit 21 . Based on such data information, the 
data conversion unit 21 converts the data into a signal 
(voltage signal) for driving the laser diode 1 0. The driv- 
ing unit 30 produces, under later-described automatic 
light power control, a driving current signal for convert- 
ing a signal outputted from the data conversion unit 21 
into an optical signal and then outputting the same. The 
driving unit 30 includes three transistors 31 to 33 and a 
resistor 34. 

[0093] Specifically, in the driving unit 30, a voltage sig- 
nal supplied from the data conversion unit 21 for driving 
the laser diode 1 0 is inputted to the transistor 32. A con- 
trol signal (voltage signal; V PCNT ) tor automatic light 
power control is inputted to the transistor 31. Under 
automatic light power control performed by means of 
the control signal V PCNT , the driving unit 30 produces a 
driving current signal for converting an oulput signal 
from the data conversion unit 21 into an optical signal 
and outputs the same to the laser diode 1 0. The laser 
diode 10 emits a light by light oulput power according to 
a value of the driving current signal. 
[0094] Accordingly, signal processing is performed for 
the main signal by the data conversion unit 21 and the 
driving unit 30. 

[0095] The reference voltage generation unit 40 gen- 
erates, based on a signal (voltage signal) supplied from 
the data conversion unit 21 for driving the laser diode 
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10, a reference voltage V ref for automatic light power 
control, in other words a reference voltage for obtaining 
a light output having specified power from the light emit- 
ting element in a normal condition. 

[0096] The monitoring voltage generation unit 50 gen- 
erates a monitoring voltage signal V mon corresponding 
to power of an optical signal outputted from the laser 
diode 10. The monitoring voltage generation unit 50 
includes a photodiode (PD) 51 and a monitoring voltage 
conversion unit 52. 

[0097] The photodiode 51 receives a monitoring light 
outputted from the laser diode 10 and outputs a voltage 
signal according to a level of the monitoring light. The 
monitoring voltage conversion unit 52 performs, for a 
voltage signal indicating the level of the monitoring light 
outputted from the photodiode 51, level matching for 
comparison with the reference voltage from the refer- 
ence voltage generation unit 40 in the rear-stage digital 
APC unit 60. 

[0098] The digital APC unit (light power control unit) 

60 compares the reference voltage V ref from the refer- 
ence voltage generation unit 40 with the monitoring volt- 
age signal V mon from the monitoring voltage generation 
unit 50 and controls, based on a result of the compari- 
son, the driving unit 30 by a discrete control amount 
such that a light output from the laser diode 1 0 can have 
specified power. The digital APC unit 60 includes a 
comparator 61, an up-and-down counter circuit 62 and 
a D/A converter 63. 

[0099] The comparator 61 as a comparison unit com- 
pares the reference voltage V ref from the reference volt- 
age generation unit 40 with the monitoring voltage 
signal V mon from the monitoring voltage generation unit 
50. The up-and-down counter circuit 62 performs up- 
counting/down -counting for a result of comparison 
ampo from the comparator 61 in synchronization with a 
counting clock UDCLK, 

[0100] The D/A converter (digital/analog conversion 
unit) 63 converts into an analog amount a count value 
[e.g., p (p; an integer of 2 or higher) by binary notation] 
obtained by up-counting/down-counting performed by 
the up-and-down counter circuit 62 and outputs the 
same as a control signal having a discrete control 
amount. 

[0101 ] In other words, the up-and-down counter circuit 

62 counts a result of comparison from the comparator 

61 by using a clock inputted to the data conversion unit 
21 as a counting clock. For example, if the monitoring 
voltage signal V mon is determined to be larger than the 
reference voltage V re , by the comparator 61 , a count 
value is counted down. On the other hand, r? the moni- 
toring voltage signal V mon is determined to be smaller 
than the reference voltage V ref by the comparator 61 , a 
count value is counted up. 

[0102] A count value counted by the up-and-down 
counter circuit 62 is a digital value. The D/A converter 

63 converts such a count value as a digital value into a 
voltage signal V PCNT of an analog amount and outputs 



to the driving unit 30 the same as a control signal having 
a discrete control amount (analog control amount 
changed discretely according to a count value). 

[0103] The initial value setting unit 70 sets a raising 

s component as an initial value in the control signal hav- 
ing the discrete control amount supplied from the D/A 
converter 63 of the digital APC unit 60 to the driving unit 
30. The initial value setting unit 70 includes a voltage 
source 71 and an A/D converter 72. 

10 [01 04] The voltage source 71 as a voltage generation 
unit generates a voltage signal to be set as a raising ini- 
tial value in the control signal supplied from the digital 
APC unit 60 to the driving unit 30. 
[01 05] The A/D converter 72 as an analog/digital con- 

75 version unit converts a voltage signal produced by the 
voltage source 71 into a digital signal. The digital signal 
obtained by conversion performed in the A/D converter 
72 is preset as an initial count value in the up-and-down 
counter circuit 62. 

20 [0106] In other words, when a clock (identical to a 
clock inputted to the data conversion unit 21) is inputted 
to the A/D converter 72 after power input for the light 
emitting element driving apparatus 20 of the first 
embodiment, a voltage signal from the voltage source 

25 71 is converted into a digital signal and then given as an 
initial value to the preset input of the up-and-down coun- 
ter circuit 62. 

[0107] The stability identification unit 80 identifies a 
degree of stability of driving control performed by the 

30 digital APC unit 60 for the driving unit 30. Specifically, 
the stability identification unit 80 identifies variance in 
the outputs of the comparator 61 after automatic light 
power control is stabilized. The stability identification 
unit 80 includes hysteresis comparison units 81 and 82 

35 and a NAND circuit 83. 

[0108] The hysteresis comparison unit 81 as a first 
hysteresis comparison unit performs comparison for the 
monitoring voltage signal V mon from the monitoring volt- 
age generation unit 50 with a first hysteresis character- 

40 istic based on the reference voltage from the reference 
voltage generation unit 40. 

[01 09] Specifically, the hysteresis comparison unit 81 
can have a specified positive hysteresis width with 
respect to the reference voltage V ref . For example, if the 
45 monitoring voltage signal V mon is within the hysteresis 
width, "0" is outputted. On the other hand, if the monitor- 
ing voltage signal V mon is outside the hysteresis width, 
M 1" is outputted. 

[01 1 0] The hysteresis comparison unit 82 as a second 
so hysteresis comparison unit performs comparison for the 
monitoring voltage signal V mon from the monitoring volt- 
age generation unit 50 with a second hysteresis charac- 
teristic different from the first hysteresis characteristic 
based on the reference voltage from the reference volt- 
55 age generation unit 40. 

[01 1 1 ] Specifically, the hysteresis comparison unit 82 
can have a specified negative hysteresis width with 
respect to the reference voltage V re( . For example, if the 
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monitoring voltage signal V mon is within the hysteresis 
width, "0" is outputted. On the other hand, if the monitor- 
ing voltage signal V mon is outside the hysteresis width, 
T is outputted. 

[0112] The NAND circuit 83 performs NAND opera- 
tions for results of comparison from the hysteresis com- 
parison units 81 and 82. For example, if the monitoring 
voltage signal V mon is within the positive hysteresis 
width or the negative hysteresis width with respect to 
the reference voltage V ref , the NAND circuit 83 outputs 
a high level signal "1 If the monitoring voltage signal 
Vmon is not within any of the positive and negative hys- 
teresis widths, the NAND circuit 83 outputs a low level 
signal "0". 

[0113] In other words, the NAND circuit 83 deter- 
mines, based on the results of comparison from the hys- 
teresis comparison units 81 and 82, a degree of stability 
of driving control performed by the driving unit 30 for the 
laser diode 10 (whether variance occurs or not after the 
completion of automatic light power control) and outputs 
the result of determination as a result of identifying the 
degree of stability of the driving control performed by 
the digital APC unit 60 for the driving unit 30. TTius, the 
NAND unit 83 functions as a determination unit. 
[0114] The clock control unit 90 controls, in order to 
stabilize the driving control performed by the digital APC 
unit 60 for the laser diode 1 0, a clock supplied to the dig- 
ital APC unit 60 by using at least one selected from sta- 
bility identification information from the stability 
identification unit 80 and input data information. The 
clock control unit 90 includes a zero continuity detecting 
circuit 91 and a switch unit 92. 
[0115] The zero connection detecting circuit 91 as a 
data detection unit detects the existence of data infor- 
mation to be transmitted by detecting the continuity of 
data "0" concerning data to be converted into an optical 
signal. A result of detection (Odet) is outputted to the 
switch unit 92. 

[01 1 6] The switch unit 92 stops supplying of the clock 
to the digital APC unit 60 H the existence of data infor- 
mation to be transmitted is determined based on the 
detecting result (Odet) from the zero continuity detecting 
circuit 91 and the completion of the driving control per- 
formed by the digital APC unit 60 for the driving unit 30 
is determined based on the stability identifying result 
from the stability identification unit 80, and alternatively 
if non-existence of data information to be transmitted is 
detected. 

[01 1 7] Next, an operation of the light emitting element 
driving apparatus 20 of the first embodiment of the 
present invention configured in the foregoing manner 
will be described by referring to a time chart shown in 
FIG. 6. 

[0118] First, by driving the laser diode 10 as a light 
.emitting element, power is inputted to the light emitting 
element driving apparatus 20 prior to transmission of 
data information [see a point time (tl) of FIG. 6(a)] . 
When a clock signal is inputted [see a point of time (t2) 



of FIG. 6(c)] after the power input, the A/D converter 72 
converts a voltage value from the voltage source 71 into 
a digital signal and presets the same as an input to the 
up-and-down counter circuit 62. 

s [01 1 9] Thus, an LD driving control voltage V PC nt sup- 
plied from the D/A converter 63 to the driving unit 30 
becomes a voltage signal equivalent to the preset value 
after the power input [see a point of time (t2) of FIG. 6(i)] 
. The LD driving control voltage V?cm (i.e., a voltage 

10 signal outputted from the voltage source 71 ) given as an 
initial value can be used to set a value equivalent to a 
driving current value which prevents the laser diode 10 
from emitting lights [see points of time (t2) to (t3) of FIG. 

6Q)]. 

15 [0120] Subsequently, when a first burst signal (first 
burst transmitting signal) is inputted after the power 
input [see points of time (t3) to (t5) of FIG. 6(b)], the dig- 
ital APC unit 60 starts automatic light power control. 
[0121] Specifically, if the input of the first burst signal 

20 after the power input is detected by the zero continuity 
detecting circuit 91 [see a point of time (t3) of FIG. 6(d)], 
until the hysteresis comparison units 81 and 82 of the 
stability identification unit 80 detect stabilizing of the 
monitoring voltage signal V mon within ± hysteresis 

25 widths of the reference voltage V ref , the switch unit 92 of 
the clock control unit 90 switches a clock UDCLK to be 
inputted in order to supply the clock UDCLK to the up- 
and-down counter circuit 62 and the D/A converter 63 
[see points of time (t3) to (t4) of FIG. 6(e)]. 

30 [01 22] Then, the comparator 61 of the digital APC unit 
60 compares the monitoring voltage signal V mon with 
the reference voltage V ref . Since the monitoring voltage 
signal V mon is smaller than the reference voltage V ref at 
the time of the input of the first burst signal, the compa- 

35 rator 61 outputs an output voltage signal ampo of a low 
level ("0"). TTie up-and-down counter circuit 62 counts 
the result of comparison ampo from the comparator 61 
in synchronization with a clock to be inputted [see points 
of time (t3) to (t4) of FIGS. 6(f) to 6(h)]. 

40 [01 23] In this case, the up-and-down counter circuit 62 
operates as an up-counter based on clock control per- 
formed by the clock control unit 90 until the monitoring 
voltage signal V mon is stabilized within ± hysteresis 
widths of the reference voltage V ref . 

45 [0124] The D/A converter 63 converts a discretely 
changed value from the up-and-down counter circuit 62 
into a voltage signal V PCNT of an analog amount and 
outputs the same as an automatic light power control 
signal to the driving unit 30. In this case, the D/A con- 

so verter 63 outputs the control signal Vpc NT so as to raise 
light output power from the laser diode 10 until the mon- 
itoring voltage signal V mon is stabilized within ± hystere- 
sis widths of the reference voltage V ref . 
[01 25] In other words, the up-and-down counter circuit 

55 62 performs up-counting until the monitoring voltage 
signal V mon and the reference voltage V rel nearly coin- 
cide with each other. The LD driving control signal 
Vpcnt as a voltage outputted from the D/A converter 63 
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to the driving unit 30 is raised discretely by resolution (1 
LSB) [see points of time (t3) to (t4) of FIG. 6(i)]. Thus, 
the driving unit 30 can drive the laser diode 10 such that 
light output power can reach a specified level [see 
points of time (t3) to (t4) of FIG. 60)]. 

[01 26] Subsequently, after the monitoring voltage sig- 
nal V mon has been stabilized within ± hysteresis widths 
of the reference voltage V ref) the NAND circuit 83 of the 
stability identification unit 80 outputs a high level signal 
(signal indicating that stability has been identified, in 
other words, automatic light power control has been 
completed) as a stability identifying result. 
[01 27] Then, the switch unit 92 of the clock control unit 
90 stops supplying of a clock UDCLK to the up-and- 
down counter circuit 62 and the D/A converter 63 to ter- 
minate a counting operation. 
[0128] Even after the counting operation has been 
stopped, the up-and-down counter circuit 62 still holds a 
condition before the stopping of the counting operation 
for a count value. Accordingly, a value of the LD driving 
control voltage signal V PCNT outputted from the D/A 
converter 63 to the driving unit 30 is also held. In this 
way, an operation is prevented from becoming unstable 
after the completion of APC control. 
[0129] In other words, assuming that automatic light 
power control is placed in its completed state, if the 
counting operation of the up-and-down counter circuit 
62 is continued, an output from the comparator 61 will 
become unstable Consequently, the counting operation 
of the up-and-down counter circuit 62 will also become 
unstable, which makes unstable driving control per- 
formed by the driving unit 30 for the laser diode 10. 
However, if the monitoring voltage signal V mon is within 
the hysteresis amounts of V ref ± hysteresis comparison 
units, the LD driving control voltage V PCNT can be held 
by stopping supplying of a clock UDCLK to the up-and- 
down counter circuit 62 and the D/A converter 63 and 
the operation after the completion of APC control can be 
prevented from becoming unstable [see points of time 
(t4) to (t5) of FIGS. 6(h) to 6(j)]. 
[0130] The zero continuity detecting circuit 91 of the 
clock control unit 90 identifies a section between burst 
signals (section where no burst signals are inputted) by 
detecting the continuance of a code "0" of input data by 
an amount of specified bits or more without using any 
external signals. Also, in this case, by stopping supply- 
ing of a clock to the D/A converter 63, the LD driving 
control voltage Vpc NT can be held. 
[0131] Subsequently, even if a burst signal as a trans- 
mitting signal is inputted again, the LD driving control 
signal V PCNT still holds its value. Accordingly, stable 
supplying of a light output can be performed without 
causing any light power fluctuation [see a point of time 
(t8) of FIGS. 6(i) and 6 (j)]. 

[0132] As apparent from the foregoing, the light emit- 
ting element driving apparatus 20 of the first embodi- 
ment of the present invention is advantageous in the 
following respects. Even if there is a long time interval 



between a first burst signal immediately after power 
input and a subsequent second burst signal, a light out- 
put is stably supplied by preventing tight power fluctua- 
tion from occurring at the head of the second burst 

5 signal. During this time, the initial value setting unit 70 
sets a raising component as an initial value in a control 
signal V PCNT having a discrete control amount, the con- 
trol signal Vpcm being supplied from the digital APC 
unit 60 to the driving unit 30 to be used for automatic 

w light power control. The up-and-down counter circuit 62 
starts its counting operation from the initial value. 
Accordingly, power of a light output in the first burst sig- 
nal immediately after the power input can be raised at a 
high speed and stabilized. 

15 [01 33] The inclusions of the stability identification unit 
80 and the clock control unit 90 enables a degree of sta- 
bility to be identified for driving control performed by the 
digital APC unit 60 for the driving unit 30. A clock sup- 
plied to the digital APC unit 60 can be controlled by 

20 using at least one selected from information regarding 
the stability identification and input data information. 
Accordingly, driving control performed by the digital 
APC unit 60 for the laser diode 10 can be stabilized. 
Even if a noise signal or the like occurs in reference and 

25 monitoring signals after the completion of automatic 
light power control, an unstable operation of a light out- 
put can be prevented. 

[01 34] Furthermore, the clock control unit 90 can per- 
form clock control for the digital APC unit 60 without 

30 receiving any external transmission switching signals or 
the like for identifying transmission/non-transmission of 
a transmitting signal such as a burst signal. Accordingly, 
the number of pins can be reduced when the light emit- 
ting element driving apparatus 20 is constructed by 

35 using, for instance an IC (Integrated Circuit) Since it is 
not necessary to produce any signals for identifying 
transmission/non-transmission of the transmitting signal 
in the signal processing system for performing signal 
processing concerning the transmitting signal, a system 

40 configuration can be simplified. 

[01 35] In the first embodiment, the stability identifica- 
tion unit 80 is constructed to include the hysteresis com- 
parison units 81 and 82 respectively as first and second 
hysteresis comparison units and the NAND circuit 83 as 

45 a determination unit. However, there is no limitation for 
the construction of the stability identification unit 80. 
The functions of the two hysteresis comparison units 81 
and 82 may be provided by using window comparators. 
[01 36] In other words, the functions of the two hyster- 

■50 esis comparison units 81 and 82 can be provided by two 
window comparators having windows (dead zones) 
equivalent to the respective hysteresis widths. 
[0137] In this case, each window comparator deter- 
mines whether a potential difference between the refer- 

55 ence voltage from the reference voltage generation unit 
40 and the monitoring voltage signal from the monitor- 
ing voltage generation unit 50 is within a specified range 
or not and then outputs a result of its determination as 
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the stability identifying result. 

[0138] Furthermore, in the NAND circuit 83 as a deter- 
mination unit, if the completion of driving control per- 
formed by the digital APC unit 60 for the driving unit 30 
is determined based on a result of comparison from the 
window comparator, supplying of a clock to the digital 
APC 60 is stopped. 

[b1] First Modified Example of the First Embodiment 

[0139] Referring now to FIG. 7 which is a block dia- 
gram, there are shown main portions of a light emitting 
element driving apparatus 20-1 of the first modified 
example of the first embodiment. The light emitting ele- 
ment driving apparatus 20-1 shown in FIG. 7 is different 
from the light emitting element driving apparatus 20 of 
the first embodiment only in construction between an 
initial value setting unit 70-1 and that of the latter. Other 
portions are basically the same and thus detailed 
description thereof will be omitted. 
[0140] In FIG. 7, constituting elements of the appara- 
tus other than the driving unit 30, the digital APC unit 60 
and the initial value setting unit 70-1 are not shown. The 
same reference numerals in FIG. 7 as those in FIG. 5 
respectively denote the same portions. 
[0141] The initial value setting unit 70-1 shown in FIG. 
7 sets a voltage signal in the up-and-down counter cir- 
cuit 62 of the digital APC unit 60 as an initial value, the 
voltage signal V being equivalent to a driving current 
value for obtaining a light power which is above a 
threshold current i th of the laser diode 10 and below set 
light power. The initial value setting unit 70-1 includes a 
voltage generating circuit 71-1 as a voltage source and 
an A/D converter 72. 

[0142] The voltage generating circuit 71 -1 includes a 
current source 71a and a transistor (Tr2) 71b. The volt- 
age generating circuit 71-1 generates a voltage signal 
equivalent to a driving current value for obtaining a light 
output which is above a minimum driving current 
(threshold current lth) emitted from the laser diode 10 
and the set light power. 

[01 43] The A/D oonverter 72 converts the voltage sig- 
nal V (analog value) from the voltage generating circuit 
71-1 into a digital signal and then sets (presets) a result 
of this conversion as an initial value in the up-and-down 
counter circuit 62 of the digital APC unit 60. 
[0144] In the light emitting element driving apparatus 
20-1 of the first modified example of the first embodi- 
ment configured in the foregoing manner, as in the case 
of the first embodiment, power is inputted for the light 
emitting element driving apparatus 20-1 prior to trans- 
mitting of data information with an optical signal by driv- 
ing the laser diode 1 0 as a light emitting element. When 
a clock is inputted after the power input, the A/D con- 
verter 72 of the initial value setting unit 70-1 converts a 
voltage signal V into a digital signal, the voltage signal V 
being equivalent to a driving current value for obtaining 
a light output which is above a threshold current l th from 



the voltage generating circuit 71-1 and below set light 
power, and presets the same in the up-and-down coun- 
ter circuit 62. Thus, light power in a first burst signal is 
raised to a specified level at a high speed and efficiently 
5 so as to quicken stabilizing of automatic light power con- 
trol performed by the digital APC unit 60. 

[0145] By forming the transistor 71b of the voltage 
generating circuit 71 -1 and the transistor 31 of the driv- 
ing unit 30 to be similar in size, fluctuation caused by 
10 process changes or the like is similar to each other. 
Accordingly, the digital APC unit 60 can be operated 
without deteriorating initial rising time in the first burst 
signal. 

[0146] As apparent from the foregoing, the light emit- 

15 ting element driving apparatus 20-1 of the first modified 
example of the first embodiment of the present invention 
is advantageous in the following respects. The inclusion 
of the initial value setting unit 70-1 enables a voltage 
signal V (digital value) to be set as an initial value in a 

20 control signal V PCNT having a discrete control amount 
supplied from the digital APC unit 60 to the driving unit 
30 and used for automatic light power control, the volt- 
age signal V being equivalent to a driving current value 
for obtaining a light output which is above a threshold 

25 current l t h of the laser diode 10 and below set light 
power. The up-and-down counter circuit 62 can start its 
counting operation from the initial value. Light output 
power in the first burst signal immediately after power 
input can be raised at a high speed and efficiently so as 

30 to greatly improve an automatic light power control func- 
tion. 

♦ 

[b2] Second Modified Example of the First Embodiment 

35 [0147] Referring to FIG. 8 which is a block diagram, 
there are shown main portions of a light emitting ele- 
ment driving apparatus 20-2 of the second modified 
example of the first embodiment. The light emitting ele- 
ment driving apparatus 20-2 shown in FIG. 8 is different 

40 from the light emitting element driving apparatus (refer- 
ence numerals 20 or 20-1) shown in either FIG. 5 or 
FIG. 7 only in construction between an initial value set- 
ting unit 70-2 and that of the latter. Portions other then 
the initial value setting unit 70-2 are basically the same 

45 and thus detailed description thereof will be omitted. 
[0148] In FIG. 8, constituting elements of the appara- 
tus other than the up-and-down counter circuit 62 and 
the initial value setting unit 70-2 are not shown. The 
same reference numerals as those in FIG. 5 respec- 

50 tively denote the same portions. 

[0149] The initial value setting unit 70-2 of the light 
emitting element driving apparatus 20-2 includes an 
A/D converter 72 basically similar to that of the first 
modified example of the first embodiment, voltage gen- 

55 erating circuits 73-1 to 73-n (n; an integer of 2 or higher) 
as a plurality of voltage sources for producing voltage 
signals V different from one another and a switch 74. 
[0150] The plurality of voltage sources 73-1 to 73-n 
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generate voltage signals according to characteristics of 
the laser diode 10. By the rear stage switch 74, a volt- 
age signal generated from any of the plurality of voltage 
generating circuits 73-1 to 73-n according to a used 
characteristic of the laser diode 10 is selectively output- 
ted. 

[0151] The voltage generating circuits 73-1 to 73-n 
generate voltage signals V different from one another 
according to threshold current characteristics of the 
laser diode 10, each of the voltage signals V being 
equivalent to a driving current value for obtaining a light 
output which is above a threshold current l th and below 
set light power. The voltage generating circuits 73-1 to 
73-n respectively include current sources 75-1 to 75-n 
and transistors 76-1 to 76-n which function as load Nch 
(N channel) transistors different from one another in 
size. 

[01 52] Specifically, the switch 74 is set to output a volt- 
age signal V selected from voltage signals generated by 
the voltage generating circuit 73-1 to 73-n according to 
a used characteristic of the laser diode 10, the selected 
voltage signal V being equivalent to a driving current 
value for obtaining a light output which is above the 
threshold value l th and the set light power. For example, 
if a used threshold value l th of the laser diode 1 0 is high, 
the switch 74 selects from the voltage generating cir- 
cuits 73-1 to 73-n one for outputting a corresponding 
voltage signal. 

[0153] Thus, in the initial value setting unit 70-2 in the 
second modified example of the first embodiment, a 
voltage signal V can be outputted to the driving unit 30 
based on setting of the switch 74 irrespective of the kind 
of the laser diode 10, the voltage signal V being equiva- 
lent to a driving current value for obtaining a light output 
which is above a threshold current l th and below set light 
power. Accordingly, it is possible to deal with threshold 
currents l t h varied according to the kind of the laser 
diode 10 used as a light emitting element. 
[0154] In the light emitting element driving apparatus 
20-2 of the second modified example of the first embod- 
iment configured in the foregoing manner, as in the case 
of the first embodiment, power is inputted for the light 
emitting element 20-2, the laser diode 10 as a light emit- 
ting element is driven and thereby data information is 
converted into an optical signal and transmitted. 
[0155] Specifically, when a clock is supplied after 
power input, the initial value setting unit 70-2 presets a 
voltage signal V as a digital value in the up-and-down 
counter circuit 62 based on setting of the switch 74 
according to the kind of the used laser diode 10, the 
voltage signal V being equivalent to a driving current 
value for obtaining a light output which is above a 
threshold current l th and below set light power. 
[0156] In other words, the switch 74 is set so as to out- 
put a voltage signal V from one of the voltage generat- 
ing circuits 73-1 to 73-n to the A/D converter 72, the 
voltage generating circuits 73-1 to 73-n being capable of 
generating voltage signals V, each of which is equiva- 



lent to a threshold current l m of the used laser diode 10 
and below set light power. 

[0157] Then, a result of converting the voltage signal 
V into a digital value by the A/D converter 72 is preset in 

5 the count value of the up-and-down counter circuit 62. 
The driving unit 30 can supply a driving current equiva- 
lent to the voltage signal V to the laser diode 10 from the 
time of light power rising in the first burst signal. In other 
words, based on the initial value preset in the up-and- 

10 down counter circuit 62, light power in the first burst sig- 
nal can be raised to a specified level at a high speed 
and efficiently irrespective of the kind of the used laser 
diode 1 0. 

[01 58] Furthermore, a characteristic of the laser diode 

75 1 0 (kind, type or solid variance) is prevented from caus- 
ing deterioration of light power initial rising control per- 
formed by the digital ARC unit 60. 
[0159] As apparent from the foregoing, the light emit- 
ting element driving apparatus 20-2 of the second mod- 

20 rfied example of the first embodiment of the present 
invention is advantageous in the following respects. The 
inclusion of the initial value setting unit 70-2 enables a 
voltage signal V to be set as an initial value in a control 
signal V PCNT having a discrete control amount supplied 

25 from the digital APC unit 60 to the driving unit 30 and 
used for automatic light power control irrespective of the 
kind of the used laser diode 10, the voltage signal V 
being equivalent to a driving current value for obtaining 
a light output which is above a threshold current and 

30 below set light power. Accordingly, during configuring of 
a transmission system, even if an optional laser diode is 
selected, by staring the counting operation of the up- 
and-down counter circuit 62 from the initial value, light 
power in the first burst signal immediately after power 

35 input can be raised at a high speed and efficiently irre- 
spective of the kind, type or solid variance of the laser 
diode. In addition, a degree of freedom for configuring 
the system can be increased. 

40 [b3] Third Modified Example of the First Embodiment 

[01 60] Referring to FIG. 9 which is a block diagram, 
there are shown main portions of a light emitting ele- 
ment driving apparatus 20-3 of the third modified exam- 
45 pie of the first embodiment. The light emitting element 
driving apparatus 20-3 shown in FIG. 9 is different from 
the light emitting element driving apparatus (reference 
numeral 20, 20-1 or 20-2) shown in any of FIGS. 5, 7 
and 8 only in construction between an initial value set- 
so ting unit 70-3 and that of the latter. Portions other than 
the initial value setting unit 70-3 are the same and thus 
detailed description thereof will be omitted. 
[0161] In FIG. 9, the constituting elements other than 
the up-and-down counter circuit 62 and the initial value 
55 setting unit 70-3 are not shown, and the same reference 
numerals as those in FIG. 5 respectively denote the 
same portions. 

[0162] The initial value setting unit 70-3 of the light 
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emitting element driving apparatus 20-3 shown in FIG. 9 
includes a voltage generation unit 71 -3, a switch 77 and 
an A/D converter 72 basically similar to that in the first 
modified example of the first embodiment. 

[0163] The voltage generation unit 71-3 includes a s 
current source 71c and a capacitor 71d. The voltage 
generation unit 71-3 can function as a constant voltage 
source for providing output signals of constant voltages 
by charging the capacitor 71 d by using a current output- 
ted from the current source 71 c. 10 
[01 64] The switch 77 is controlled to be ON only when 
a first burst signal is inputted (at the time of initial rising) 
immediately after power input for the light emitting ele- 
ment driving apparatus 20-3 and OFF in other cases. 
Accordingly, a voltage value from the voltage generation is 
unit 71 -3 is converted into a digital value by the A/D con- 
verter 72 only at the time of the initial rising and set as 
an initial value in the up-and-down counter circuit 62. 
[0165] In the light emitting element driving apparatus 
20-3 of the third modified example of the first embodi- 20 
ment configured in the foregoing manner, as in the case 
of the first embodiment, by driving the laser diode 1 0 as 
a light emitting element after power input for the light 
emitting element driving apparatus 20-3, data informa- 
tion is converted into an optical signal and then trans- 25 
mitted. 

[01 66] Specifically, after the power input, the switch 77 
is turned ON. When a clock is subsequently inputted, 
the initial value setting unit 70-3 presets a voltage signal 
as an initial setting value converted into a digital value in 30 
the up-and-down counter circuit 62. 
[0167] The D/A converter 63 converts a count value 
from the up-and-down counter circuit 62 into an analog 
signal and outputs the same as a driving control signal 
for the driving unit 30. Thus, light power rising can be 35 
made faster by an amount equivalent to the count value 
preset in the up-and-down counter circuit 62. 
[0168] After an output of the comparator 61 has been 
stabilized and driving control performed by the digital 
APC unit 60 for the driving unit 30 has been completed, 40 
the switch 77 is turned OFF. However, the count value 
preset in the up-and-down counter circuit 62 is held. 
Accordingly, when a next burst signal (second burst sig- 
nal) is inputted, by supplying an automatic light power 
control signal to the driving unit 30 based on the held 45 
count value, the laser diode 10 can be driven by stable 
light output power. 

[0169] As apparent from the foregoing, the light emit- 
ting element driving apparatus 20-3 of the third modified 
example of the first embodiment of the present invention so 
is advantageous in the following respects. The inclusion 
of the initial value setting unit 70-3 enables, as in the 
case of the first embodiment, a raising component to be 
set as an initial value in a control signal VpQ NT having a 
discrete control amount supplied from the digital APC ss 
unit 60 to the driving unit 30 and used for automatic light 
power control. By causing the up-and-down counter cir- 
cuit 62 to start its counting operation from the initial 
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value, light output power in the first burst signal immedi- 
ately after power input can be raised at a high speed 
and stabilized. 

[b4] Fourth Modified Example of the First Embodiment 

[01 70] Referring to FIG. 1 0 which is a block diagram, 
there are shown main portions of a light emitting ele- 
ment driving apparatus 20-4 of the fourth modified 
example of the first embodiment. The light emitting ele- 
ment driving apparatus shown in FIG. 10 is different 
from the light emitting element driving apparatus (refer- 
ence numeral 20 or 20-1 to 20-3) only in construction 
between an initial value setting unit 70-4 and that of the 
latter. Portions other than the initial value setting unit 70- 
4 are basically the same and thus detailed description 
thereof will be omitted. 

[0171] In FIG. 10, the constituting elements of the 
apparatus other than the up-and-down counter circuit 
62 and the initial value setting unit 70-4 are not shown. 
[01 72] The initial value setting unit 70-4 shown in FIG. 
10 sets a count value as a preset input to the up-and- 
down counter circuit 62 such that a control signal V PC nt 
for automatic light control can become a digital value of 
a voltage signal equivalent to a driving current value for 
obtaining a light output which is above a threshold cur- 
rent of the laser diode 10 and below set light power. The 
initial value setting unit 70-4 functions as a presetting 
unit for directly presetting a digital signal as a voltage 
signal V to be used as the initial value in the up-and- 
down counter circuit 62. 

[0173] Specifically, the initial value setting unit 70-4 
presets each bit data constituting a count value in the 
up-and-down counter circuit 62 by grounding (GND; set 
bit data "0") or supplying a voltage (set bit data "1 ") 
[0174] In the light emitting element driving apparatus 
20-4 of the fourth modified example of the first embodi- 
ment configured in the foregoing manner, as in the case 
of the first embodiment, after power input for the light 
emitting element driving apparatus 20-4, by driving the 
laser diode 10 as a light emitting element, data informa- 
tion is converted into an optical signal and then trans- 
mitted. 

[0175] In other words, when a clock is inputted after 
the power input, count value data outputted from the up- 
and-down counter circuit 62, the count value having 
been set therein as an initial value by the initial value 
setting unit 70-4 as a presetting unit, is converted into 
an analog signal by the D/A converter 63 and then out- 
putted to the driving unit 30 as a control signal V PCNT for 
automatic light power control. Accordingly, the driving 
unit 30 can drive the laser diode 10 so as to raise light 
power in a first burst signal to a specified level at a high 
speed and efficiently. 

[01 76] As apparent from the foregoing, the light emit- 
ting element driving apparatus 20-4 of the fourth modi- 
fied example of the first embodiment of the present 
invention is advantageous in the following respects. The 
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inclusion of the initial value setting unit 70-4 enables, as 
in the case of the first embodiment, a raising component 
to be set as an initial value in a control signal V PCNT 
having a discrete control amount supplied from the dig- 
ital APC unit 60 to the driving unit 30 and used for auto- 
matic light power control. By causing the up-and-down 
counter circuit 62 to start its counting operation from the 
initial value, light output power in a first burst signal 
immediately after power input can be raised at a high 
speed and stabilized. Further, a chip area can be 
reduced because it is not necessary to provide any A/D 
converters in an initialisation setting unit. 

[b5| Fifth Modified Example of the First Embodiment 

[0177] Referring to FIG. 1 1 which is a block diagram, 
there is shown a light emitting element driving appara- 
tus 20-5 of the fifth modified example of the first embod- 
iment. The light emitting element driving apparatus 20-5 
shown in FIG. 1 1 comprises an initial value setting unit 
70-5 different from those of the respective light emitting 
element driving apparatuses (reference numerals 20 
and 20-1 to 20-4) shown in FIGS. 5 and 7 to 10. How- 
ever, portions other than the initial value setting unit 70- 
5 are basically the same and thus detailed description 
thereof will be omitted. 

[0178] In FIG. 11, the same reference numerals as 
those in FIG. 5 respectively denote the same portions. 
[0179] The initial value setting unit 70-5 includes a 
voltage source 79a as a voltage generation unit for pro- 
ducing a voltage signal to be used as a preset initial 
value and a voltage adding circuit 78 for adding the volt- 
age signal from the voltage source 79a to a control sig- 
nal of an analog amount supplied from the D/A 
converter 63 to the driving unit 30. 
[0180] The voltage adding circuit 78 includes transis- 
tors 78a to 78f. The transistors 78a and 78b constitute a 
current mirror circuit. The transistors 78c and 78d con- 
stitute another current mirror circuit The transistors 78f 
and the transistor 31 of the driving unit 30 constitute yet 
another current mirror circuit. 
[0181 ] Specifically, concerning a control signal Vpc NT 
outputted from the transistor 78f and used for automatic 
light power control, an initial setting value from the volt- 
age source 79a has been applied to an analog signal 
v pcnt2 equivalent to a count value outputted from the 
D/A converter 63. Accordingly, a raising component can 
be set as an initial setting value for automatic light 
power control performed for the driving unit 30. 
[0182] In the light emitting element driving apparatus 
20-5 of the fifth modified example of the first embodi- 
ment configured in the foregoing manner, as in the case 
of the first embodiment, by driving the laser diode 10 as 
a light emitting element after power input for the light 
emitting element driving apparatus 20-5, data informa- 
tion is converted into an optical signal and then trans- 
mitted. 

[0183] After the power input [see a point of time (t1) of 
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FIG. 12(a)], the voltage source 79a generates a voltage 
signal as an initial setting value. The voltage signal is 
then impressed to an LD driving control voltage V PCNT2 
[see FIG. 12(i)] from the D/A converter 63 in the voltage 
5 adding circuit 78 and outputted to the driving unit 30 as 
a control signal Vpc NT for automatic light power control 
[see points of time (t2) and thereafter of FIG. 12®]. In 
this way, the driving unit 30 can drive the laser diode 10 
so as to raise light power in a first burst signal to a spec- 
ro rfied level at a high speed and efficiently. 

[01 84] As apparent from the foregoing, the light emit- 
ting element driving apparatus 20-5 of the fifth modified 
example of the first embodiment of the present invention 
is advantageous in the following respects. The inclusion 

is of the initial value setting unit 70-5 enables a raising 
component to be set as an initial value in a control sig- 
nal V PCNT having a discrete control amount supplied 
from the digital APC unit 60 to the driving unit 30 and 
used for automatic light power control. Accordingly, light 

20 output power in the first burst signal immediately after 
power input can be raised at a high speed and stabi- 
lized. 



[b6] Sixth Modified Example of the First Embodiment 

[0185] Referring to FIG. 1 3 which is a block diagram, 
there are shown main portions of a light emitting ele- 
ment 20-6 of the sixth modified example of the first 
embodiment. The light emitting element driving appara- 
tus 20-6 shown in FIG. 13 comprises an initial value set- 
ting unit 70-6 different from those of the respective light 
emitting element driving apparatuses (reference numer- 
als 20 and 20-1 to 20-5) shown in FIGS. 5 and 7 to 1 1 . 
However, portions other than the initial value setting unit 
70-6 are basically the same and thus detailed descrip- 
tion thereof will be omitted. 

[0186] In FIG. 1 3, constituting elements other than the 
D/A converter 63 and the initial value setting unit 70-6 
are not shown, and the same reference numerals as 
those in FIG. 1 1 respectively denote the same portions. 
[01 87] The initial value setting unit 70-6 shown in FIG. 
13 includes, different from the initial value setting unit 
70-5 shown in FIG. 1 1, a voltage generating circuit 79A 
as a voltage generation unit for generating a voltage sig- 
nal to be used as a preset initial value. The initial value 
setting unit 70-6 includes a voltage adding circuit 78 
which is the same as that of the initial value setting unit 

70- 5. 

[01 88] As in the case of the voltage generating circuit 

71- 1 of the first modified example of the first embodi- 
ment, the voltage generating circuit 79A includes a cur- 
rent source 79b (equivalent to the current source 71a) 
and a transistor 79c (equivalent to the transistor 71b). 
The voltage generating circuit 79A generates a voltage 
signal V equivalent to a driving current value for obtain- 
ing a light output which is above a maximum current 
value (threshold value l th ) for disabling the laser diode 
10 to emit lights and below set light power. 
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[0189] In the light emitting element driving apparatus 
20-6 of the sixth modified example of the first embodi- 
ment configured in the foregoing manner, as in the case 
of the first embodiment, by driving the laser diode 1 0 as 
a light emitting element after power input for the light 5 
emitting element driving apparatus 20-6, data informa- 
tion is convened into an optical signal and then trans- 
mitted. 

[0190] After the power input, the voltage generating 
circuit 79A generates a voltage signal V as an initial set- 10 
ting value equivalent to a driving current value for 
obtaining a light output which is above the threshold 
current of the laser diode 10 and below the set light 
power. The voltage signal V is then impressed to an LD 
driving control voltage VpQ NT2 from the D/A converter 15 
63 and outputted to the driving signal to be used as a 
control signal Vpc NT for automatic light power control. In 
this way, the driving unit 30 can drive the laser diode 1 0 
so as to raise light power in a first burst signal to a spec- 
ified level at a high speed and efficiently. 20 
[01 91 ] By forming the transistor 78f of the initial value 
setting unit 70-6 and the transistor 31 of the driving unit 
30 to be similar in size, process changes are prevented 
from causing different fluctuation therein. Accordingly, a 
control operation by the digital APC unit 60 can be per- 25 
formed without deteriorating time needed for initial ris- 
ing in the first burst signal. 

[0192] As apparent from the foregoing, the light emit- 
ting element driving apparatus 20-6 of the sixth modified 
example of the first embodiment of the present invention 30 
is advantageous in the following respects. The inclusion 
of the initial value setting unit 70-6 enables a raising 
component to be set to a voltage value equivalent to a 
driving current for obtaining a light output which is above 
a threshold value of the laser diode 10 and below set 35 
light power, the raising component being set as an initial 
value in a control signal Vpc NT having a discrete control 
amount supplied from the digital APC unit 60 to the driv- 
ing unit 30 and used for automatic light power control. 
Accordingly, light output power in a first burst signal 40 
immediately after power input can be raised at a high 
speed and efficiently and stabilized. 

[b7] Seventh Modified Example of the First Embodiment 

45 

[0193] Referring to FIG. 1 4 which is a block diagram, 
there are shown main portions of a light emitting ele- 
ment driving apparatus 20-7 of the seventh modified 
example of the first embodiment. The light emitting ele- 
ment driving apparatus 20-7 shown in FIG. 14 com- so 
prises an initial value setting unit 70-7 different from 
those of the respective light emitting element driving 
apparatuses (reference numerals 20 and 20-1 to 20-6) 
shown in FIGS. 5, 7 to 11 and 13. Portions other than 
the initial value setting unit 70-7 are basically the same, 55 
and thus detailed description thereof will be omitted. 
[0194] In FIG. 14, constituting elements other than the 
D/A converter 63, the initial value setting unit 70-7 and 



the driving unit 30 are now shown. The same reference 
numerals as those in FIG. 1 1 respectively denote the 
same portions. 

[0195] The initial value setting unit 70-7 includes a 
voltage adding circuit 78 which is basically the same as 
the initial value setting unit 70-6 described above with 
reference to FIG. 13. The initial value setting unit 70-7 
also includes a plurality of voltage generating circuits 
79A-1 to 79A-n as voltage sources for producing volt- 
age signals different from one another and a switch 
79B. 

[01 96] The plurality of voltage generating circuits 79A- 
1 to 79A-n can generate voltage signals corresponding 
to characteristics of the laser diode 1 0. The voltage gen- 
erating circuits 79A-1 to 79A-n respectively include cur- 
rent sources 79b-1 to 79b-n and transistors 79c-1 to 
79c-n which function as load Nc transistors different 
from one another in size. 

[01 97] The voltage generating circuits 79A-1 to 79A-n 
generate voltage signals V equivalent to driving current 
values for obtaining light outputs which are above differ- 
ent threshold currents l th corresponding to threshold 
current characteristics of the laser diode 10 and below 
set light power. 

[0198] The switch 79B is set to output one selected 
from the voltage signals V from the voltage generating 
circuits 79A-1 to 79A-n according to a used characteris- 
tic of the laser diode 1 0, the selected voltage signal V 
being equivalent to a driving current value for obtaining 
a light output which is above the threshold current l^ 
and below the set light power. For example, if a used 
threshold voltage l th of the laser diode 10 is large, the 
switch 79B selects one from the voltage generating cir- 
cuits 79A-1 to 79A-n, the selected voltage generating 
circuit being capable of producing a corresponding volt- 
age signal. 

[01 99] Thus, in the initial value setting unit 70-7 in the 
seventh modified example of the first embodiment, 
based on setting of the switch 79B, a voltage signal V 
can be added to a voltage signal V PCNT outputted from 
the D/A converter 63 irrespective of the kind of the laser 
diode 10, the voltage signal V being equivalent to a driv- 
ing current value for obtaining a light output which is 
above a threshold current l th and below set light power, 
and then outputted to the driving unit 30 as a control sig- 
nal Vpcnt f° r automatic light power control. 
[0200] In other words, a control signal Vpc NT output- 
ted from the transistor 78f to be used for automatic light 
power control is obtained by applying an initial setting 
value V from the switch 79B to an analog signal V PCNT2 
equivalent to a count value outputted from the D/A con- 
verter 63. Accordingly, a raising component can be set 
as an initial setting value for automatic light power con- 
trol performed for the driving unit 30. Further, it is possi- 
ble to deal with a difference in threshold currents 
which occurs depending on the kinds of laser diodes 10. 
[0201] In the light emitting element driving apparatus 
20-7 of the seventh modified example of the first 
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embodiment configured in the foregoing manner, as in 
the case of the first embodiment, by driving the laser 
diode 1 0 as a light emitting element after power input for 
the light emitting element driving apparatus 20-7, data 
information is converted into an optical signal and then 
transmitted. 

[0202] After the power input, any one of voltage sig- 
nals produced by the voltage generating circuits 79A-1 
to 79A-n is selectively outputted by the switch 79B. 
Thereby, a voltage signal corresponding to a character- 
istic of the used laser diode 10 is outputted to the volt- 
age adding circuit 78. 

[0203] The voltage adding circuit 78 impresses the 
voltage signal V to an LD driving control voltage V PCNT2 
from the D/A converter 63 and then outputs the same to 
the driving unit 30 as a control signal V PCNT for auto- 
matic light power control. In this way, the driving unit 30 
can drive the laser diode 1 0 so as to raise light power in 
a first burst signal to a specified level at a high speed 
and efficiently. 

[0204] In addition, a characteristic (kind, type or solid 
variance) of the laser diode 10 is prevented from caus- 
ing deterioration of light power initial rising control per- 
formed by the digital APC unit 60. 
[0205] As apparent from the foregoing, the light emit- 
ting element driving apparatus 20-7 of the seventh mod- 
ified example of the first embodiment of the present 
invention is advantageous in the following respects. The 
inclusion of the initial value setting unit 70-7 enables a 
raising component to be set to a voltage value equiva- 
lent to a driving current value for obtaining a light output 
which is above a threshold current of the used laser 
diode 10 and below set light power, the raising compo- 
nent being set as an initial value in a control signal 
Vpcnt having a discrete control amount supplied from 
the digital APC unit 60 to the driving unit 30 and used for 
automatic light power control. Accordingly, as in the 
case of the fifth modified example of the first embodi- 
ment, light output power in a first burst signal immedi- 
ately after power input can be raised at a high speed 
and efficiently. Also, a degree of freedom for system 
configuration can be increased. 

> 

[b8] Eighth Modified Example of the First Embodiment 

[0206] Referring to FIG. 15 which is a block diagram, 
there are shown main portions of a light emitting ele- 
ment driving apparatus 20-8 of the eighth modified 
example of the first embodiment. The light emitting ele- 
ment driving apparatus 20-8 shown in FIG. 15 com- 
prises an initial value setting unit 70-8 different from 
those of the respective light emitting element driving 
apparatuses (reference numerals 20 and 20-1 to 20-7) 
shown in FIGS. 5, 7 to 11, 13 and 14. Portions other 

■ 

than the initial value setting unit 70-8 are basically the 
same, and thus detailed description thereof will be omit- 
ted. 

[0207] In FIG. 15, constituting elements other than the 



D/A converter 63, the initial value setting unit 70-8 and 
the driving unit 30 are not shown. The same reference 
numerals as those in FIG. 1 1 respectively denote the 
same portions. 

5 [0208] The initial value setting unit 70-8 shown in FIG. 
15 includes a voltage generation unit 79C, a switch 79D 
and a voltage adding circuit 78 which is the same as 
that of the initial value setting unit 70-5 described above 
with reference to FIG. 1 1 . 

10 [0209] The voltage generation unit 790 includes a cur- 
rent source 79d and a capacitor 79e. The voltage gen- 
eration unit 79C functions as a constant voltage source 
for obtaining an output signal of a constant voltage by 
charging the capacitor 79e by means of a current out- 

is putted from the current source 79d. 

[021 0] The switch 79D is turned ON only at the time of 
inputting of a first burst signal immediately after power 
input for the light emitting element driving apparatus 20- 
8 (at the time of initial rising). The switch 79D is turned 

20 OFF in other cases. 

[021 1 ] Thus, in the light emitting element driving appa- 
ratus 20-8 of the eighth modified example, a voltage 
value from the voltage generation unit 79C can be 
added as an initial setting value to a signal Vpc NT2 out- 

25 putted from the D/A converter 63 only at the initial rising 
time and supplied to the driving unit 30 as a control sig- 
nal VpcMj for automatic light power control. 
[0212] In the light emitting element driving apparatus 
20-8 of the eighth modified example of the first embodi- 

30 ment configured in the foregoing manner, as in the case 
of the first embodiment, by driving the laser diode 10 as 
a light emitting element after power input for the light 
emitting element driving apparatus 20-8, data informa- 
tion is converted into an optical signal and then trans- 

35 mitted. 

[0213] After the power input, the voltage generation 
unit 79C generates a voltage value as an initial setting 
value. The voltage adding circuit 78 impresses a voltage 
signal V thereof to an LD driving control voltage V PCNT2 

40 from the D/A converter 63 and outputs the same to the 
driving unit 30 as a control signal Vpcnt *° r automatic 
light power control. In this way, the driving unit 30 can 
drive the laser diode 10 so as to raise light power in a 
first burst signal to a specified level at a high speed and 

45 efficiently. 

[0214] As apparent from the foregoing, the light emit- 
ting element driving apparatus 20-8 of the eighth modi- 
fied example of the first embodiment of the present 
invention is advantageous in the following respects. The 

so inclusion of the initial value setting unit 70-8 enables a 
raising component to a voltage value equivalent to a 
driving current value for obtaining a light output which is 
above a threshold current of the laser diode 10 and 
below set light power, the raising component being set 

55 as an initial value in a control signal Vpc NT having a dis- 
crete control amount supplied from the digital APC unit 
60 to the driving unit 30 and used for automatic light 
power control. Accordingly, light output power in a first 
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burst signal immediately after power input can be raised 
at a high speed and efficiently and stabilized. 

[b9] Ninth Modified Example of the First Embodiment 

5 

[0215] Referring to FIG. 28 which is a block diagram, 
there are shown main portions of a light emitting ele- 
ment driving apparatus 20-9 of the ninth modified exam- 
ple of the first embodiment. TTie light emitting element 
driving apparatus 20-9 shown in FIG. 28 is different 10 
from the light emitting element driving apparatus 20-4 
described above with reference to FIG. 10 in that a 
count value in the up-and-down counter circuit 62 is set 
by means of a value stored in a ROM (Read Only Mem- 
ory) 70-9 as an initial value setting unit. Other portions 75 
are basically the same as those in the fourth modified 
example of the first embodiment. 
[0216] The ROM 70-9 stores, according to the kind of 
an LD or the like, a digital value equivalent to a driving 
current value for obtaining a light output which is above 20 
a threshold current l th and below set light power. For the 
ROM 70-9, an electrically rewritable ROM such as an 
EEPROM (Electrically Erasable Programmable Read 
Only Memory) can be used. 

[0217] In other words, the ROM 70-9 functions as a 25 
memory for storing a digital signal as a voltage signal to 
be used as an initial value. The digital signal stored in 
the ROM 70-9 is preset in the up-and-down counter cir- 
cuit 62 of the digital APC unit 60. 
[0218] In the light emitting element driving apparatus 30 
20-9 of the ninth modified example of the first embodi- 
ment configured in the foregoing manner, as in the case 
of the first embodiment, by driving the laser diode 10 as 
a light emitting element after power input for the light 
emitting element driving apparatus 20-9, data informa- 35 
tion is converted into an optical signal and then trans- 
mitted. 

[021 9] When a clock is inputted after the power input, 
count value data outputted from the up-and-down coun- 
ter circuit 62 is converted into an analog signal by the 40 
D/A converter 63, the count value having been preset 
therein by the ROM 70-9, and then outputted to the driv- 
ing unit 30 as a control signal V PCNT for automatic light 
power control. In this way, the driving unit 30 can drive 
the laser diode 10 so as to raise light power in a first 45 
burst signal to a specified level at a high speed and effi- 
ciently. 

[0220] As apparent from the foregoing, the light emit- 
ting element driving apparatus 20-9 of the ninth modi- 
fied example of the first embodiment is advantageous in so 
the following respect. The inclusion of the ROM 70-9 as 
an initial value setting unit enables, as in the case of the 
first embodiment, a raising component to be set as an 
initial value in a control signal V PCNT having a discrete 
control amount supplied from the digital ACP unit 60 to ss 
the driving unit 30 and used for automatic light power 
control. By causing the up-and-down counter circuit 62 
to start its counting operation from the initial value, light 
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output power in a first burst signal can be raised at a 
high speed and stabilized. A chip area can be reduced 
because it is not necessary to provide any A/D convert- 
ers in an initialization setting unit. 

[0221] Furthermore, since an electrically rewritable 
ROM such an EEPROM can be used for the ROM 70-9 
as an initial value setting unit, a digital value (equivalent 
to a driving current value for obtaining a light output 
which is above a threshold current l th and below set light 
power) is used as an optimal initial value according to 
the kind of, for example an LD. Initial value setting for 
each used LD can also be facilitated. 

[b10] Tenth Modified Example of the First Embodiment 

[0222] Referring to FIG. 29 which is a block diagram, 
there are shown main portions of a light emitting ele- 
ment driving apparatus 20-10 of the tenth modified 
example of the first embodiment. The light emitting ele- 
ment driving apparatus 20-10 shown in FIG. 29 is differ- 
ent from the light emitting element driving apparatus 20- 
6 described above with reference to FIG. 13 in construc- 
tion of the voltage generating circuit 79A of its initial 
value setting unit 70-10. In FIG. 29, the same reference 
numerals as those in FIG. 13 respectively denote the 
same portions. 

[0223] The voltage generating circuit 79A' shown in 
FIG. 29 includes a ROM 79h and a D/A converter 79i. 
The voltage generating circuit 79A* generates a voltage 
signal V equivalent to a driving current value for obtain- 
ing a light output which is above a minimum current 
value (threshold current l th ) emitted and below set light 
power. 

[0224] The ROM 79h stores a digital value of a voltage 
signal equivalent to a driving current value for obtaining 
a light output which is above a threshold value l t h and 
light power set according to the kind of the laser diode 
10. The ROM 79h includes an electrically rewritable 
ROM such as an EEPROM. In other words, the ROM 
79h functions as a memory for storing, as a digital sig- 
nal, information regarding a voltage signal to be used as 
an initial value. 

[0225] The D/A converter 79i converts a digital signal 
value stored in the ROM 79h into an analog signal and 
then outputs the same. In this way, an output of the D/A 
converter 79i can be outputted to the transistor 781 as 
an initial value to be applied to an LD driving control 
voltage, the output of the D/A converter 79i being a 
result of converting the digital value from the ROM 79h 
into the analog value. 

[0226] In the light emitting element driving apparatus 
20-10 of the tenth modified example of the first embodi- 
ment configured in the foregoing manner, as in the case 
of the first embodiment, by driving the laser diode 10 as 
a light emitting element after power input for the light 
emitting element driving apparatus 20-10, data informa- 
tion is converted into an optical signal and then trans- 
mitted. 
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[0227] After the power input, the voltage generating 
circuit 79 A' of the initial value setting unit 70-10 gener- 
ates a voltage signal V as an initial setting value opti- 
mally set according to the kind of the laser diode 10. 
The voltage adding circuit 78 then impresses the volt- 5 
age signal V to an LD driving control voltage V PCNT2 
from the D/A converter 63 and outputs the same to the 
driving unit 30 as a control signal V PCNT for automatic 
light power control. In this way, the driving unit 30 can 
drive the laser diode 10 so as to raise light power in a w 
first burst signal to a specified level at a high speed and 
efficiently. 

[0228] As apparent from the foregoing, the light emit- 
ting element driving apparatus 20-10 of the tenth modi- 
fied example of the first embodiment of the present 15 
invention is advantageous in the following respects. The 
inclusion of the initial value setting unit 70-10 enables a 
raising component to a threshold voltage of the laser 
diode 10, the raising component being set as an initial 
value in a control signal V PCNT having a discrete control 20 
amount supplied from the digital APC unit 60 to the driv- 
ing unit 30 and used for automatic light power control. 
Accordingly, light output power in a first burst signal 
immediately after power input can be raised at a high 
speed and efficiently and stabilized. 25 
[0229] Furthermore, the ROM 70- 1 0 as an initial value 
setting unit can be constructed by using an electrically 
rewritable ROM 79h such as an EEPROM in the voltage 
generating circuit 79A\ Accordingly, a digital value to be 
an optimal initial value (equivalent to a current value for 30 
obtaining a light output which is above a threshold cur- 
rent l th and below set light power) according to the kind 
of. for example an LD, can be set. Also, initial value set- 
ting for each used LD can be facilitated. 

35 

[c] Second Embodiment 

[0230] Referring next to FIG. 1 6 which is a block dia- 
gram, there are shown main portions of a light emitting 
element driving apparatus 20A of the second embodi- 40 
ment. The light emitting element driving apparatus 20A 
shown in FIG. 16 comprises a digital APC unit 60A and 
a driving unit 30A which are respectively different from 
those of the light emitting element driving apparatuses 
(reference numerals 20 and 20-1 to 20-8) described 45 
above with reference to FIGS. 5, 7 to 1 1 and 13 to 15. 
Portions other than the digital APC unit 60A and the 
driving unit 30A are basically the same, and thus 
detailed description thereof will be omitted. 
[0231 J In FIG. 1 6, constituting elements other than the so 
D/A converter 63A of the digital APC unit 60A and the 
driving unit 30A are not shown. The same reference 
numerals as those in FIG. 11 respectively denote the 
same portions. 

[0232] The digital APC unit 60 A shown in FIG. 16 55 
includes a comparator 61 and an up-and-down counter 
circuit 62 which are the same as those in the first 
embodiment and each of Hs modified examples. The 
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digital APC unit 60A also includes a D/A converter 63A 
which is different from that in the first embodiment or 
each of its modified examples. 

[0233] The D/A converter 63A includes a decoding 
unit 63a for converting a count value of p bits from the 
up-and-down counter circuit 62 into m bits through 
decoding and a current supplying unit 63b for supplying 
a specified current signal to the driving unit 30A based 
on information regarding the bits converted by the 
decoding unit 63a. 

[0234] The current supplying unit 63b includes transis- 
tors 79f-1 to 79f-m amounting to m in number for sup- 
plying current signals different from one another and 
switches 79g-1 to 79g-m provided corresponding to the 
respective transistors 79f-1 to 79f-m.and controlled 
ON/OFF based on an m bit signal from the decoding 
unit 63a. 

[0235] Each bit signal constituting the m bit signal out- 
putted from the decoding unit 63a is inputted as an 
ON/OFF control signal to each of the switches 79g-1 to 
79g-m. Based on the switch control signal, switching 
between supplying and non-supplying of a current sig- 
nal from each of the transistors 791-1 to 79f-m to the 
driving unit 30A is controlled. 
[0236] Concerning m bit signals from the decoding 
unit 63a, current signals can be outputted in the order of 
values from the transistor connected to the switch which 
uses a most significant bit as an ON/OFF control signal. 
A smallest current signal can be outputted from the tran- 
sistor connected t the switch which uses a least signifi- 
cant bit as an ON/OFF control signal. 
[0237] In other words, a current signal value outputted 
from each of the transistors 79f-1 to 79f-m is given a 
weight according to the bit position of a bit signal used 
as a control signal. 

[0238] Specifically, assuming that among the transis- 
tors 79f-1 to 79f-m amounting to m in number, it is a 
transistor 79f-1 that can output a largest current signal 
value, the switch 79g-1 connected to the transistor 79f- 
1 is ON/OFF controlled by means of a most significant 
bit of an m bit signal from the decoding unit 63a. 
[0239] Similarly, assuming that it is a transistor 79f-m 
that can output a smallest current signal value, the 
switch 79g-m connected to the transistor 79f-m is 
ON/OFF controlled by means of a least significant bit of 
the m bit signal from the decoding unit 63a. 
[0240] The transistors 79f-1 and the 79f-m and the 
switches 79g-1 and 79g-m provided corresponding to 
the transistors 79f-1 to 79f-m are connected to the driv- 
ing unit 30A in parallel. Accordingly, when any of the 
switches 79g-1 and the 79g-m is ON/OFF controlled 
based on m bit information from the decoding unit 63a, 
the D/A converter 63A can supply a current signal (hav- 
ing a discrete value) to the driving unit 30A, the current 
signal being a sum total of current signals supplied from 
the transistor connected to the ON-controlled switch. 
[0241 ] In other words, the D/A converter 63A functions 
as a counter value/current value converting circuit for 
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generating a current value according to a count value 
from the up-and-down counter circuit 62 and outputting 
the same as a control signal (current signal) having a 
discrete control amount. 

[0242] In the light emitting element driving apparatus 5 
20A of the second embodiment, a raising component is 
preset in a current signal outputted from the D/A con- 
verter 63A as an initial value for preventing the laser 
diode 1 0 from emitting lights. In this way, the D/A con- 
verter 63A can function as an initial value setting unit. 10 
[0243] Specifically, in the decoding unit 63a, a count 
value from the up-and-down counter circuit 62 is "0" by 
a decimal notation immediately after power input. How- 
ever, by performing decoding such that a low-order bit 
can become "1 " by a binary notation, the corresponding 75 
switch is controlled to be ON and thereby a current sig- 
nal from the transistor corresponding to the low-order bit 
can be supplied as an initial value to the driving unit 
30A. 

[0244] The driving unit 30A includes transistors 32 20 
and 33 and a resistor. The driving unit 30A produces, 
from a current signal for automatic light power control 
from the D/A converter 63A, a driving current signal for 
converting a signal outputted from the data conversion 
unit 21 into an optical signal and outputs the same. In 25 
other words, the driving unit 30A generates a driving 
signal for the laser diode 10 by using an input electric 
signal containing data information and the current signal 
from the D/A converter 63A. 

[0245] In other words, in the driving unit 30A, unlike 30 
the driving unit 30 in the first embodiment, the transistor 
31 is not provided, and the D/A converter 63A is con- 
structed to include the decoding unit 63a and the cur- 
rent supplying unit 63b. Accordingly, an analog signal as 
a result of D/A conversion from the D/A converter 63A 35 
can be used as a current signal to be supplied to the 
driving unit 30 A. 

[0246] Next, an operation of the light emitting driving 
apparatus 20A of the second embodiment of the 
present invention configured in the foregoing manner 40 
will be described with particular attention paid to trans- 
mission of a burst signal as an optical signal. 
[0247] First, by driving the laser diode 10 as a light 
emitting element, power is inputted for the light emitting 
element driving apparatus 20 A prior to transmission of 45 
data information. After the power input, a counting oper- 
ation is maintained in a stopped condition in the up-and- 
down counter circuit 62 until a first burst signal is input- 
ted based on controlling by the clock control unit 90. A 
count value "0" by a decimal notation is outputted to the so 
decoding unit 63a. 

[0248] The decoding unit 63a performs decoding such 
that at least a low-order bit can become "1" by a binary 
notation even if the count value from the up-and-down 
counter circuit 62 is "0" by a decimal notation, and 55 
thereby sets a current signal from the transistor 79f-m to 
a raising component as an initial value for the driving 
unit 30A. The current signal provided as an initial value 



can be set to a value equivalent to a driving current sig- 
nal which prevents the laser diode 10 from emitting 
lights. 

[0249] Subsequently, after the first burst signal (first 
burst transmitting signal) has been inputted after the 
power input, the digital APC unit 60A starts its auto- 
matic light power control. 

[0250] Specifically, if inputting of the first burst signal 
after the power input is detected by the zero continuity 
detecting circuit 91 , the switching unit 92 of the clock 
control unit 90 switches clocks to be inputted so as to 
supply the same to the up-and-down counter circuit 62 
and the D/A converter 63A until the hysteresis compari- 
son units 81 and 82 of the stability identification unit 80 
detect stabilizing of a monitoring voltage signal V mon 
within ± hysteresis widths of a reference voltage V ref . 
[0251 ] Then, the comparator 61 of the digital APC unit 
60A compares the monitoring voltage signal V mon with 
the reference voltage V ref . Since the monitoring voltage 
signal V mon is smaller than the reference voltage V ref at 
the time of inputting the first burst signal, the compara- 
tor 61 outputs an output voltage signal ampo of a low 
level ("0"). The up-and-down counter circuit 62 performs 
counting for a result of the comparison from the compa- 
rator 61 in synchronization with a clock to be inputted. 
[0252] In this case, the up-and-down counter circuit 62 
functions as an up-counter based on clock control per- 
formed by the clock control unit 90 until the monitoring 
voltage signal V mon is stabilized within ± hysteresis 
widths of the reference voltage Vref. 
[0253] The decoding unit 63a of the D/A converter 
63A performs decoding for a discretely changed count 
value (p bits) from the up-and-down counter circuit 62 
and then outputs the same as an ON/OFF control signal 
of m bits. The switches 79g-1 to 79g-m are controlled to 
be ON/OFF based on a bit signal as an ON/OFF control 
signal from the decoding unit 63a. A sum total of current 
signals outputted from the transistors 79f-1 to 79f-m 
corresponding to the ON-controlled switches 79g-1 to 
79g-m is supplied to the driving unit 30A. 
[0254] In this case, in the D/A converter 63A, in order 
to increase light output power from the laser diode 10, a 
current signal to be supplied to the driving unit 30A is 
increased until the monitoring voltage signal V mon is 
stabilized within ± hysteresis widths of the reference 
voltage V rel . 

[0255] In other words, the up-and-down counter circuit 
62 continues its up-counting until the monitoring voltage 
signal V mon is nearly coincided with the reference volt- 
age V ref , and a current signal outputted from the D/A 
converter 63A to the driving unit 30A is increased in a 
discrete manner. Accordingly, the driving unit 30A can 
drive the laser diode 1 0 so as to bring light output power 
close to a specified level. 

[0256] As in the case of the first embodiment, if the 
stability identification unit 80 determines stabilization of 
the monitoring voltage signal V mon within ± hysteresis 
widths of the reference voltage V ref , the clock control 
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unit 90 then stops supplying of the clock to the up-and- 
down counter circuit 62 and the D/A converter 63A. Also 
by causing the up-and-down counter circuit 62 to stop 
its counting operation, a count value at the point of this 
time is held. s 
[0257] Thus, the D/A converter 63A can supply a con- 
stant current signal to the driving unit 30A and variance 
in light output power after the completion of an APC 
loop can be prevented. 

[0258] As apparent from the foregoing, the light emit- io 
ting element driving apparatus 20A of the second 
embodiment of the present invention is advantageous in 
the following respects. The inclusion of the A/D con- 
verter 63A having a function as an initial value setting 
unit enables a raising component to be set as an initial is 
value in a current signal having a discrete control 
amountsupplied from the digital APC unit 60A to the 
driving unit 30A and used for automatic light power con- 
trol. Accordingly, light output power in a first burst signal 
immediately after power input can be raised at a high 20 
speed and efficiently and stabilized. 

[d] Third Embodiment 

[0259] Referring next to FIG. 1 7 which is a block dia- 25 
gram, there is shown a light emitting element driving 
apparatus 206 of the third embodiment. The light emit- 
ting element driving apparatus 20B shown in FIG. 17 is 
different from the light emitting element driving appara- 
tus (reference numeral 20) of each of the foregoing 30 
embodiments (including modified examples) in that a 
function of the stability identification unit 80 is realized 
by a protective circuit 80B. 

[0260] Portions other than the protective circuit 80B 
are basically the same as those in the first embodiment, 35 
and thus detailed description thereof will be omitted. In 
FIG. 17, the same reference numerals as those in FIG. 
5 respectively denote the same portions. 
[0261] The protective circuit 80B includes, as shown 
in detail in FIG. 18, two flip-flops 84 and 85, an OR cir- 40 
cuit 86, a NOT circuit 87, an AND circuit 88 and an OR 
circuit 89. 

[0262] The flip-flop 84 holds a value of a result of com- 
parison ampo inputted from the comparator 61 by an 
amount equal to specified one clock cycle (clock of a 45 
cycle longer than at least that of a clock synchronized 
with data) and then outputs the same. The flip-flop 85 
holds the comparison result signal by another amount 
equal to one clock cycle, the comparison result signal 
having been held by the flip-flop 84 by the amount equal so 
to one clock cycle, and the outputs the same. 
[0263] Thus, signals outputted from the flip-flops 84 
and 85 are comparison result signals continuously out- 
putted from the comparator 61 . The comparison result 
signals form continuous comparison result signals of 3 ss 
clocks together with the comparison result signal ampo 
inputted to the flip-flop 84. 

[0264] The OR circuit 86 performs an ORing operation 



for the continuous comparison result signals of 3 clocks. 
The NOT circuit 87 inverse-outputs a result of the oper- 
ation from the OR circuit 86. The AND circuit 88 per- 
forms an AN Ding operation for the continuous 
comparison result signals of 3 clocks. 

[0265] The OR circuit 89 performs an ORing operation 
for signals respectively outputted from the NOT circuit 
87 and the AND circuit 88 and outputs a result of the 
operation to the switch 92 as an output H OUT of the pro- 
tective circuit 80 B. Based on a signal outputted from the 
OR circuit 89, determination can be made as to equality 
among the continuous comparison result signals of 3 
clocks (whether comparison results of 3 clocks are "0" 
or "1" continuously). 

[0266] Specifically, the OR circuit 89 outputs a high 
level signal "1" if the continuous comparison result sig- 
nals of 3 clocks are all equal to one another. The OR cir- 
cuit 89 outputs a low level signal "0" to the switch unit 92 
of the clock control unit 90 if among the continuous 
comparison result signals of 3 clocks, at least one is dif- 
ferent. Accordingly, the switch unit 92 stops supplying of 
clocks to the up-and-down counter circuit 62 and the 
D/A converter 63 if among the continuous comparison 
result signals of 3 clocks, at least one is different. 
[0267] In other words, after the completion of auto- 
matic light power control, the protective circuit 80B com- 
pares output levels of 3 bits of the comparator 61 with 
one another. If all are not the same levels (among the 
levels of the output signals of 3 bits, the level of at least 
one output signal is different), the switch unit 92 stops 
supplying of clocks to the up-and-down counter circuit 
62 and the D/A circuit 63. Then, by holding an LD driv- 
ing control signal V PCNT outputted from the D/A con- 
verter 63, an unstable operation after the completion of 
an APC loop. 

[0268] In other words, the flip-flops 84 and 85 function 
as level holding units for holding comparison result lev- 
els from the comparator 61 by an amount equal to a plu- 
rality of continuous bits. The OR circuit 86, the NOT 
circuit 87, the AND circuit 88 and the OR circuit 89 func- 
tion as an equal level determination unit together for 
making determination as to whether comparison result 
levels of at least continuous 3 bits are all equal to one 
another or not based on the comparison result levels 
from the comparator 61 and the comparison result lev- 
els of continuous 2 bits from the flop-flops 84 and 85 
and outputting a result of the determination as the sta- 
bility identifying result. 

[0269] The light emitting element driving apparatus 
20B of the third embodiment of the present invention 
configured in the foregoing manner, as in the case of the 
first embodiment, by driving the laser diode 10 as a light 
emitting element after power input for the light emitting 
element driving apparatus 20B, data information 
regarding a burst signal or the like is converted into an 
optical signal and then transmitted. 
[0270] After the power input, the initial value setting 
unit 70 produces a voltage value as an initial setting 
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value, which is then preset in the count value of the up- 
and-down counter circuit 62 of the digital APC unit 60. In 
this way, the driving unit 30 can drive the laser diode 1 0 
so as to raise light power in a first burst signal to a spec- 
ified level at a high speed and efficiently. 

[0271 ] After the first burst signal (first burst transmit- 
ting signal) has been inputted after the power input, as 
in the case of the first embodiment, the digital APC unit 
60 starts its automatic light power control. 
[0272] Then, the switch unit 92 of the clock control unit 
90 continues supplying of clocks to the up-and-down 
counter circuit 62 and the D/A converter 63 until stabili- 
zation of an output of the comparator 61 is detected in 
the protective circuit 80B (until stabilization of the moni- 
toring voltage signal V mon within the reference voltage 
V rel is detected). 

[0273] Subsequently, the automatic light power control 
is completed, and even if variable outputs ampo of the 
comparator 61 cause an unstable operation, level com- 
parison is performed among outputs of 3 bits of the 
comparator 61 in the protective circuit 80 B. If the level 
comparison finds variance [see points of time (t21) to 
(t23) of FIGS. 19(a) to 19(c)], the protective circuit 80B 
outputs a high level signal to the switch unit 92 [see 
points of time (t21) to (t23) of FIG. 19(d)]. Upon having 
received the high level signal, the switch unit 92 stops 
supplying of clocks to the up-and-down counter circuit 

62 and the D/A converter 63 [see points of time (t21) to 
(t23)of FIG. 19(f)]. 

[0274] The up-and-down counter circuit 62 stops its 
counting operation. But it holds a condition of a count 
value immediately before stopping of its counting oper- 
ation. Thus, the up-and-down counter circuit 62 also 
holds a value of an LD driving control voltage signal 
Vpcnt outputted from the D/A converter 63 to the driv- 
ing unit 30. In this way, an unstable operation after the 
completion of an APC loop is prevented. 
[0275] If the level comparison among the outputs of 
the comparator 61 by the protective circuit 60B finds 
end of variance [see points of time (t24) to (t26) of FIGS. 
19(a) to 19(c)], the protective circuit 80B then outputs a 
low level signal to the switch unit 92 [see points of time 
(t24) to (t26) of FIG. 19(d)]. Upon having received the 
low level signal, the switch unit 92 supplies clocks to the 
up-and-down counter circuit 62 and the D/A converter 

63 [see points of time (t24) to (t26) of FIG. 19(f)]. 
[0276] In other words, after the completion of the auto- 
matic light power control, if the up-and-down counter 
circuit 62 continues its counting operation, variance 
occurs in the outputs ampo of the comparator 61 , which 
in turn causes the counting operation of the up-and- 
down counter circuit 62 to be unstable. Consequently, 
driving control performed by the driving unit 30 for the 
laser diode 10 will become unstable. However, if the 
comparison results of the comparator 61 are not equal 
continuously by an amount equal to 3 bits, by stopping 
supplying of clock signals to the up-and-down counter 
circuit 62 and the D/A converter 63, an LD driving con- 



trol voltage V PCNT can be held and an unstable opera- 
tion after the completion of an APC loop can be 
prevented. 

[0277] As apparent from the foregoing, the light emit- 
5 ting element driving apparatus 20B of the third embodi- 
ment of the present invention is advantageous in the 
following respects. The inclusion of the protective circuit 
80B and the clock control unit 90 enables, as in the case 
of the first embodiment, a degree of stability of driving 
10 control performed by the digital APC unit 60 for the driv- 
ing unit 30 to be identified and a clock supplied to the 
digital APC unit 60 to be controlled by using at least one 
selected from information regarding this identified 
degree of stability and inputted data information. 
is Accordingly, driving control performed by the digital 
APC unit 60 for the laser diode 10 can be stabilized. 
Also, an unstable operation of a light output can be pre- ' 
vented after the completion of automatic light power 
control. 

20 [0278] Furthermore, the protective circuit 80B can 
suppress variance in light outputs and prevent an unsta- 
ble operation after the completion of an APC loop. Tne 
clock control unit 90 can perform clock control for the 
digital APC unit 60 without receiving any external trans- 

25 mission switching signals or the like for identifying trans- 
mission/non-transmission of a transmitting signal such 
as a burst signal. Accordingly, the number of pins can 
be reduced if the light emitting element driving appara- 
tus 20B is configured by using, for example an IC (Irrte- 

30 grated Circuit) . Since it is not necessary to produce any 
signals for identifying transmission/non-transmission of 
the transmitting signal in a signal processing system for 
performing signal processing concerning the transmit- 
ting signal, a system configuration can be simplified. 

35 [0279] According to the present invention, the protec- 
tive circuit 80B of the third embodiment may be used for 
the light emitting element driving apparatuses 20-1 to 
20-1 0 of the first embodiment and its modified examples 
or the light emitting element driving apparatus 20A of 

40 the second embodiment. 

[0280] In the third embodiment, the flip-flops 84 and 
85 of the protective circuit 80B are provided in two 
stages and determination is made for the comparison 
result signals of 3 bits from the comparator 61 . But there 

45 should be no limitation to these. Flip-flops may be pro- 
vided in three stages or more, and determination may 
be made for comparison result signals of optional bits of 
4 or more. 

so [e] Others 

[0281] The N channel current absorbing type has 
. been described as an output form of each of the D/A 
converters 63 and 63A of the light emitting element driv- 
55 ing apparatuses 20-5 to 20-10 and 20A of the fifth to 
eighth modified examples of the first embodiment and 
the second embodiment. However, there should be no 
limitation to such a form. For the output form of D/A con- 
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version, a P channel current discharging type can be 
provided by folding the output in the current mirror cir- 
cuit of the N channel transistor or connecting the tran- 
sistor 78f to the D/A conversion output. With this P 
channel current discharging type, the same advantages 5 
as those in the case of the fifth to tenth modified exam- 
ples of the first embodiment and the second embodi- 
ment. 

[0282] Furthermore, in each of the foregoing embodi- 
ments, the digital APC unit 60 includes the comparator 10 
61 for making comparison between a reference voltage 
from the reference voltage generation unit 40 and a 
monitoring voltage signal from the monitoring voltage 
generation unit 50, the up-and-down counter circuit 62 
for performing up-counting/down-counting for a compar- 75 
ison result ampo from the comparator 61 in synchroni- 
zation with a counting clock and the D/A converter 63 for 
converting into an analog amount a count value 
obtained by up-counting/down-counting of the up-and- 
down counter circuit 62 and outputting the same as a 20 
control signal having a discrete control amount. How- 
ever, there should be no limitation concerning these 
portions. A function of the comparator 61 can be real- 
ized by a difference voltage generation unit 61 A and a 
comparator 61 B, and there will be no difference in 25 
advantages compared with the foregoing embodiments. 
[0283] For example, as shown in FIG. 20, a function of 
the comparator 61 included in the light emitting element 
driving apparatus 20 of the first embodiment can be 
realized by the difference voltage generation unit 61 A 30 
and the comparator 61 B. In FIG. 20, the same reference 
numerals as those in FIG. 5 respectively denote the 
same portions. 

[0284] Specifically, the difference voltage generation 
unit 61 A produces a difference voltage ampo 2 [see 35 
FIG. 21 (h)] between the reference voltage from the ref- 
erence voltage generation unit 40 and the monitoring 
voltage signal from the monitoring voltage generation 
unit 50. The comparator 61 B compares difference volt- 
age information from the difference voltage generation 40 
unit 61 A with a control voltage signal outputted from the 
D/A converter 63 to the driving unit 30. A comparing 
result from the comparator 61 B can be used in the same 
way as the comparison result ampo [see FIG. 21 (i)] in 
each of the foregoing embodiments. 45 
[0285] In other words, the digital APC unit 60A shown 
in FIG. 20 can control the driving unit 30 so as to bring 
the monitoring voltage V mon produced by the monitoring 
voltage generation unit 50 close to the reference voltage 
V ref generated by the reference voltage generation unit so 
40 (such that a difference voltage produced by the dif- 
ference voltage generation unit 61 A can be "0"). 
[0286] According to the present invention, various 
modifications and changes can be made without 
departing from the spirit and scope of the invention irre- ss 
spective of the embodiments. 

[0287] For example, in the first embodiment, the light 
emitting element driving apparatus can be configured 



by using at least one function selected from the initial 
value setting unit 70, the stability identification unit 80 
and the clock control unit 90. 

[0288] In the first embodiment, if only the initial value 
setting unit 70 is selected among itself, the stability 
identification unit 80 and the clock control unit 90 to con- 
figure the light emitting element driving apparatus, a 
raising component is set as an initial value at least in a 
control signal V PCNT having a discrete control amount 
supplied from the digital APC unit 60 to the driving unit 
30 and used for automatic light power control, and the 
up-and-down counter circuit 62 starts its counting oper- 
ation from the initial value. Accordingly, light output 
power in a first burst signal immediately after power 
input can be raised at a high speed and stabilized. 
[0289] In the first embodiment, if only the stability 
identification unit 80 is selected from itself, the initial 
value setting unit 70 and the clock control unit 90 to con- 
figure the light emitting element driving apparatus, at 
least a degree of stability of driving control performed by 
the digital APC unit 60 for the driving unit 30 is identi- 
fied, and a clock supplied to the digital APC unit 60 is 
controlled by using at least one selected from informa- 
tion regarding the stability identification and inputted 
data information. Accordingly, driving control performed 
by the digital APC unit 60 for the laser diode 10 can be 
stabilized. Also, after the completion of automatic light 
power control, an unstable operation of a light .output 
can be prevented. 

[0290] In the first embodiment, if only the clock control 
unit 90 is selected from itself, the initial value setting unit 
70 and the stability identification unit 80 to configure the 
light emitting element driving apparatus, clock control 
can be performed for the digital APC unit 60 without 
receiving any external transmission switching signals or 
the like for identifying transmission/non-transmission of 
a transmitting signal of at least a burst signal or the like. 
Accordingly, the number of pins can be reduced if the 
light emitting element driving apparatus 20 is configured 
by using, for example an IC (Integrated Circuit). Also, 
since it is not necessary to generate any signals for 
identifying transmission/non-transmission of a transmit- 
ting signal in the signal processing system for perform- 
ing signal processing concerning the transmitting 
signal, a system configuration can be simplified. 
[0291] Furthermore, according to the present inven- 
tion, the light emitting element driving apparatus of the 
invention can be used for various purposes, for example 
for an optical communication device for transferring opti- 
cal signals through optical fibers, a driving apparatus for 
driving a magneto-optic disk (MO) or for a light emitting 
element driving apparatus for driving a laser diode in a 
laser printer. 

Claims 

1. A light emitting element driving apparatus, charac- 
terized in that it comprises: 
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a driving unit (3) for driving a light emitting ele- 
ment (1) by means of a driving signal while per- 
forming automatic light power control, said light 
emitting element (1) being capable of convert- 
ing an input electric signal containing data 
information into an optical signal; 

a reference voltage generation unit (4) for gen- 
erating a reference voltage from said input 
electric signal, said reference voltage being 
used for obtaining a light output having speci- 
fied power from said light emitting element (1) 
in a normal condition; 

a monitoring voltage generation unit (5) for 
generating a monitoring voltage signal corre- 
sponding to power of an optical signal output- 
ted from said light emitting element (1); 
a light power control unit (6) for comparing said 
reference voltage from said reference voltage 
generation unit (4) with said monitoring voltage 
signal from said monitoring voltage generation 
unit (5) and controlling, based on a result of 
said comparison, said driving unit (3) by a dis- 
crete control amount such that a light output 
from said light emitting element (1) can have 
said specified power; and 
an initial value setting unit (7) for setting a rais- 
ing component as an initial value in a control 
signal having said discrete control amount sup- 
plied from said light power control unit to said 
driving unit (3). 

2. A light emitting element driving apparatus as 
claimed in claim 1 , wherein said initial value setting 
unit (7) sets a voltage signal as said initial value, 
said voltage signal being equivalent to a driving cur- 
rent value for obtaining a light output above a 
threshold current value of said light emitting ele- 
ment (1) and below said specified power. 

3. A light emitting element driving apparatus as 
claimed in claim 1 , wherein said light power control 
unit (6) includes a comparison unit for comparing 
said reference voltage from said reference voltage 
generation unit (4) with said monitoring voltage sig- 
nal from said monitoring voltage generation unit (5), 
an up-and-down counter circuit for performing up- 
counting/down-counting for a result of comparison 
from said comparison unit in synchronization with a 
counting clock, and a digital/analog conversion unit 
for converting into an analog amount a count value 
obtained by up-counting/down-counting performed 
in said up-and-down counter circuit and outputting 
said analog amount as a control signal having said 
discrete control amount. 

■ 

4. A light emitting element driving apparatus as 
claimed in claim 3, wherein said initial value setting 
unit (7) includes a preset unit for directly presetting 



a digital signal as a voltage signal to be used as 
said initial value in said up-and-down counter cir- 
cuit. 

5 5. A light emitting element driving apparatus as 
claimed in claim 3, wherein said initial value setting 
unit (7) includes a voltage generation unit for gener- 
ating a voltage signal to be used as said preset ini- 
tial value and an analog/digital conversion unit for 

10 converting said voltage signal generated in said 
voltage generation unit into a digital signal, and pre- 
sets said digital signal from said analog/digital con- 
version unit in said up-and-down counter circuit of 
said light power control unit (6). 

15 

6. A light emitting element driving apparatus as 
claimed in claim 3, wherein said initial value setting 
unit (7) includes a voltage generation unit for gener- 
ating a voltage signal to be used as said preset ini- 

20 tial value and a voltage adding circuit for adding 
said voltage signal of said voltage generation unit 
from said digital/analog conversion unit to said con- 
trol signal having said analog amount for said driv- 
ing unit (3). 

25 

7. A light emitting element driving apparatus as 
claimed in claim 5 or 6, wherein said voltage gener- 
ation unit includes a plurality of voltage sources for 
generating voltage signals different from one 

30 another and a switch for outputting a voltage signal 
from one selected from said plurality of voltage 
sources, said selected voltage source being capa- 
ble of producing a voltage signal corresponding to a 
characteristic of said light emitting element. 

35 

8. A light emitting element driving apparatus as 
claimed in claim 6, wherein said voltage generation 
unit includes a memory for storing as a digital signal 
information regarding a voltage signal to be used s 

40 said initial value and an analog/digital conversion 
unit for converting a value of said digital signal 
stored on said memory into an analog signal and 
outputting said analog signal. 

■ 

45 9. A light emitting element driving apparatus as 
claimed in claim 3, wherein said initial value setting 
unit (7) is composed of a memory for storing a dig- 
ital signal as a voltage signal to be used as said ini- 
tial value, and presets said digital signal stored in 

so said memory in said up-and-down counter circuit of 
said light power control unit (6). 

10. A light emitting element driving apparatus as 
claimed in claim 1 , wherein said light power control 
55 unit (6) includes a comparison unit for comparing 
said reference voltage from said reference voltage 
generation unit (4) with said monitoring voltage sig- 
nal from said monitoring voltage generation unit (5), 
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an up-and-down counter circuit for performing up- 
counting/down-counting for a result of comparison 
from said comparison unit in synchronization with a 
counting clock and a counter value/current value 
converting circuit for generating a current signal 
according to a count value from said up-and-down 
counter circuit and outputting said current signal as 
a control signal having said discrete control 
amount, and said driving unit (3) generates a driv- 
ing signal for said light emitting element (1) by using 
said input electric signal containing said data infor- 
mation and said current signal from said counter 
value/current value converting circuit. 

11. A light emitting element driving apparatus as 
claimed in claim 10, wherein said initial value set- 
ting unit (7) is constructed by presetting a raising 
component as an initial value in said current signal 
outputted from said counter value/current value 
converting circuit. 

12. A light emitting element driving apparatus, charac- 
terized in that it comprises: 

a driving unit (3) for driving a light emitting ele- 
ment (1) by means of a driving signal while per- 
forming automatic light power control, said light 
emitting element (1) being capable of convert- 
ing an input electric signal containing data 
information into an optical signal; 
a reference voltage generation unit (4) for gen- 
erating a reference voltage from said input 
electric signal, said reference voltage being 
used for obtaining a light output having speci- 
fied power from said light emitting element (1) 
in a normal condition; 

a monitoring voltage generation unit (5) for 
generating a monitoring voltage signal corre- 
sponding to power of an optical signal output- 
ted from said light emitting element (1); 
a light power control unit (6) for comparing said 
reference voltage from said reference voltage 
generation unit (4) with said monitoring voltage 
signal from said monitoring voltage generation 
unit (5) and controlling, based on a result of 
said comparison, said driving unit (3) by a dis- 
crete control amount such that a light output 
from said light emitting element (1) can have 
said specified power; and 
a stability identification unit (8) for identifying a 
degree of stability of driving control performed 
by said light power control unit (6) for said driv- 
ing unit (3). 

13. A light emitting element driving apparatus as 
claimed in claim 12, wherein said light power con- 
trol unit (6) includes a comparison unit for compar- 
ing said reference voltage from said reference 



voltage generation unit (4) with said monitoring volt- 
age signal from said monitoring voltage generation 
unit (5), an up-and-down counter circuit for perform- 
ing up-counting/down-counting for a result of com- 

s parison from said comparison unit in 
synchronization with a counting clock and a dig- 
ital/analog conversion unit for converting into an 
analog amount a count value obtained by up-count- 
ing/down-counting performed by said up-and-down 

w counter circuit and outputting said analog amount 
as a control signal having said discrete control 
amount. 

14. A light emitting element driving apparatus as 
75 claimed in claim 1 2, wherein said stability identifica- 
tion unit (8) includes a first histeresis comparison 
unit for performing comparison for said monitoring 
voltage signal from said monitoring voltage genera- 
tion unit (5) with a first hysteresis characteristic 

20 based on said reference voltage from said refer- 
ence voltage generation unit (4), a second hystere- 
sis comparison unit for performing comparison for 
said monitoring voltage signal from said monitoring 
voltage generation unit (5) with a second hysteresis 

25 characteristic different from said first hysteresis 
characteristic based on said reference voltage from 
said reference voltage generation unit (4) and a 
determination unit for determining completion of 
driving control performed by said driving unit (3) for 

30 said light emitting element (1) based on results of 
comparison from said first and second hysteresis 
comparison units and then outputting a result of 
determination as a result of identifying said degree 
of stability, and if completion of driving control per- 

35 formed by said light power control unit (6) for said 
driving unit (3) is determined based on said stability 
identifying result from said determination unit, sup- 
plying of said clock to said light power control unit 
(6) is stopped. 

40 

15. A light emitting element driving apparatus as 
claimed in claim 12, wherein said stability identifica- 
tion unit (8) includes a window comparator for 
determining whether a potential difference between 

45 said reference voltage from said reference voltage 
generation unit (4) and said monitoring voltage sig- 
nal from said monitoring voltage generation unit (5) 
is within a specified range or not and outputting a 
result of determination as said stability identifying 

so result, and if completion of driving control per- 
formed by said light power control unit (6) for said 
driving unit (3) is determined based on a result of 
comparison from said window comparator, supply- 
ing of said clock to said light power control unit (6) 

55 is stopped. 

16. A light emitting element driving apparatus as 
claimed in claim 1 2, wherein said stability identrf ica- 
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tion unit (8) includes a level holding unit for holding 
a level of said comparison result from said compar- 
ison unit by an amount equal to a plurality of contin- 
uous bits and an equal level determination unit for 
determining equality in levels among all compari- 5 
son results equivalent to at least 3 continuous bits 
based on said comparison result level from said 
comparison unit and a comparison result level of 
said plurality of continuous bits from said level hold- 
ing unit and outputting a result of determination as w 
said stability identifying result, and if equality in lev- 
els is determined among said comparison results 
equivalent to at least 3 continuous bits based on 
said stability identifying result from said equal level 
determination unit, supplying of said clock to said 15 
light power control unit (6) is stopped. 

17. A light emitting element driving apparatus, charac- 
terized in that it comprises: 

20 

a driving unit (3) for driving a light emitting ele- 
ment (1) by means of a driving signal while per- 
forming automatic light power control, said light 
emitting element (1) being capable of convert- 
ing an input electric signal containing data 25 
information into an optical signal; 
a reference voltage generation unit (4) for gen- 
erating a reference voltage from said input 
electric signal, said reference voltage being 
used for obtaining a light output having speci- 30 
fied power from said light emitting element (1) 
in a normal condition; 

a monitoring vottage generation unit (5) lor 
generating a monitoring voltage signal corre- 
sponding to power of an optical signal output- 35 
ted from said light emitting element (1); 
a light power control unit (6) for comparing said 
reference voltage from said reference voltage 
generation unit (4) with said monitoring voltage 
signal from said monitoring voltage generation 40 
unit (5) and controlling, based on a result of 
said comparison, said driving unit (3) by a dis- 
crete control amount such that a light output 
from said light emitting element (1) can have 
said specified power; and 45 
a clock control unit (9) for controlling a clock 
supplied to said light power control unit (6) in 
order to stabilize driving control performed by 
said light power control unit (6) for said light 
emitting element (1). so 

18. A light emitting element driving apparatus as 
claimed in claim 17, wherein said light power con- 
trol unit (6) includes a comparison unit for compar- 
ing said reference voltage from said reference ss 
voltage generation unit (4) with said monitoring volt- 
age signal from said monitoring vottage generation 
unit (5), an up-and-down counter circuit for perform- 



ing up-counting/down-counting for a result of com- 
parison from said comparison unit in 
synchronization with a counting clock and a dig- 
ital/analog conversion unit for converting into an 
analog amount a count value obtained by up-count- 
ing/down-counting performed by said up-count- 
ing/down-counting counter circuit and outputting 
said analog amount as a control signal having said 
discrete control amount. 

19. A light emitting element driving apparatus as 
claimed in claim 17, wherein said clock control unit 
(9) includes a data detection unit for detecting exist- 
ence of data information to be transmitted and a 
switch unit for supplying said clock to said light 
power control unit (6) if existence of data informa- 
tion to be transmitted is detected by said data 
detection unit and stopping supplying of said clock 
to said light power control unit (6) if non-existence 
of data information to be transmitted is detected by 
said data detection unit. 

20. A light emitting element driving apparatus, charac- 
terized in that it comprises: 

a driving unit (3) for driving a light emitting ele- 
ment (1) by means of a driving signal while per- 
forming automatic light power control, said light 
emitting element (1) being capable of convert- 
ing an input electric signal containing data 
information into an optical signal; 
a reference voltage generation unit (4) for gen- 
erating a reference voltage from said input 
electric signal, said reference voltage being 
used for obtaining a light output having speci- 
fied power from said light emitting element (1) 
in a normal condition; 

a monitoring voltage generation unit (5) for 
generating a monitoring voltage signal corre- 
sponding to power of an optical signal output- 
ted from said light emitting element (1); 
a light power control unit (6) for comparing said 
reference voltage from said reference voltage 
generation unit (4) with said monitoring voltage 
- signal from said monitoring voltage generation 
unit (5) and from said monitoring voltage gen- 
eration unit (5) and controlling, based on a 
result of said comparison, said driving unit (3) 
by a discrete control amount such that a light 
output from said light emitting element (1) can 
have said specified power; 
a stability identification unit (8) for identifying a 
degree of stability of driving control performed 
by said light power control unit (6) for said driv- 
ing unit (3); and 

a clock control unit (9) for controlling a clock 
supplied to said light power control unit (6) by 
using at least one selected from stability identi- 
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fication information from said stability identifi- 
cation unit (8) and input data information in 
order to stabilize driving control performed by 
said light power control unit (6) for said light 
emitting element (1). s 

21. A light emitting element driving apparatus as 
claimed in claim 20, wherein said clock control unit 
(9) includes a data detection unit for detecting exist- 
ence of data information to be transmitted and a 10 
switch unit for stopping supplying of said clock to 
said light power control unit (6) if existence of data 
information to be transmitted is detected by said 
data detection unit and completion of driving control 
performed by said light power control unit (6) for is 
said identifying result from said stability identifica- 
tion unit (8), and alternatively if non-existence of 
data information to be transmitted is detected by 
said data detection unit. 
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